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4 DE L'OSeiLLOGRAPHE DOUBLE ET DE SON EMPLOI 

^lectriqae inserit eonstaminent les denit>secondes sur le papier 
en regard du trac6 des penduies. 

Le grand pendule atteint 8os. de p^riode totale d 'oseillation, 
ce qui le rend indiff^rentit TeAEet du roulis, eomme on le reeon- 
nait facilement, dans les exp^riences de roulis faclice en eau 
ealme, en eomparant ses trae^s k ceux obtenus h, i aide d'un 
viseur. Dans eertains eireonstanees, il pourrait subir Taetion 
des vagues, ear la p6riode relative de eelles-ei peut aller 
jusqu'^ riniini quand elles viennent de l'arribre avec une 
vitesse peu diif^rente de eelle du navire ; mois c est Ik un eas 
fort rare, et h, peu prbs d6n\i6 d'int^r^t. Aeeidentellement, le 
grand pendule prend parfois un mouvement propre, se dis- 
tinguant toujours en raison de sa p^riode et ne donnant lieu 
qu'^ une eorreetion facile. On peut done eonsiddrer le grand 
pendule eomme toujours vertical et fournissant le trae^ exact 
du roulis absolu. 

Un rapproehement s'impose naturellenient iei, entre le 
grand pendule de l'oseillographe et le pendule des s^ismo- 
graphes. L'un et I'autre doivent avoir une tres longue periode 
afin de ne prendre aueun mouvement propre quand leurs axes 
de suspension entrent en oseillation ; I^ s'arrete leur analogie. 
L'essenee du pendule de Toseillographe est d'^tre un moment 
d'inertie, tandis que eelle du pendule du seismographe est 
d'6tre une masse ; le eenlre de gravit6 du premier se transporte 
toujours parallelement a raxe de suspension, tandis que le 
eentre de gravit6 du seeond doit rester immobile. Si le grand 
pendule de roseillographe ^tait un pendule simple, devant a une 
longueur de un kilomblre et demi sa dur^e de p^riode de 8os, 
il serait propre k servir eomme s^ismographe ; compos6, eomme 
il l'est, d'un disque equilibr^, il ne pourrait absolument mesurer 
^ terre que rinelinaison du sol si elle se produit. D'un autre 
part, le s^ismographe, a bord, ne pourrait rendre de services 
qu'a la eondition d ^tre amplifi6 d'une manibre eolossale, I'am- 
plitude des simples mouvements de translation sur les vagues 
atteignant plusieurs mblres. 
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Gonsid^rons maintenant le petit pendule dont l'^tude est 
bien autiement compliqu6e que eelle du grand pendule. D'une 
dui6e de p^riode totale de os.25 ce pendule ne prend jamais 
aueun mouvement propre pr^sentant sa p^riode partieulibre, 
on trouve, seulement, sur sa eourbe la traee des tr^pidations 
de la maehine ; il suit eonstamment la direetion de la r6sul- 
tante de la pbsanteur et de la force d'inertie dans le mouve- 
ment de translation de son axe de suspension ; e'est la direetion 
de eette r^sultante par rapport a raxe du navire qui est enre- 
gistr^e par son traeeur. 

Si le petit pendule dtait simplement entrain^ dans le mouve- 
ment orbitaiie moyen eommun au navire et a Teau soulev6e 
sous forme de vagues, il se tiendrait normal au profil de l'eau ; 
tel serait le eas d'un pendule fix^ sur un bouehon de li^ge 
flottant sur la mer. A bord d'un navire, le petit pendule se 
trouve influenc^ par le roulis, d'une manibre qui ddpend h. la 
fois de la distanee de son point de suspension a raxe du roulis 
et de Taeedl^ration angulaire dans le roulis. 

L'axe du roulis n'est qu'un axe instantan^, dont la position 
ehange a chaque instant de l'oseillation. Dans une exp6rience 
faite en eau ealme sur le transport le Mythoy roseillographe 
double a indiqu6 que Tamplitude du mouyement de eet axe 
pouvait 6tre 6valu6e a im. 70; la position la plus basse eorres- 
pondant aux points morts. 

L'aee^i^ration angulaire est produite, en premier lieu, par le 
eouple de stabilit^ qui est maximum aux points morts du 
roulis relatif, et en seeond lieu par le eouple des r^sistanees 
passives qui est nul, en ce qui eoneerne l'eau, \ ees m6mes 
points morts. De l^ deux d^viations du petit pendule, l'une i//^, 
nulle k la position d'^quilibre et maximum aux points morts 
du roulis relatif i//^,* la seeonde ^^ nulle vers les points morts 
etmaximum aux environs de la position d'^quilibre. 

* j'appelle roulis re1atif le roulis mesur^ par rapport k la positton 
d'^quilibre hydrostatique du navire sur la houle. Pour un petit nayire 
eette position est situ^e normalement a la houle. 
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Ueffet, sur les trac6s, des d^vialions \^^ et \^s eonsid^r^es 
Isol^ment serait le suivant : 



trac6 oblenu 

trac6 corrig6 des angles \j/^. 



.Fig. I. 

pendtile aiidessus de raxe dii 
roulis aux poiiUs morls. 




Fig. 2. 

pendiile au dessoiis de l'axe 
du roulis aux poinls morts. 




trae^ obtenu 

trac6 corrig6 des angles i/'a. 



Fig. 3- 



pendule audessus de raxe du 
roulis au niomenl de la plus 
graude vitesse angulaire. 



Fig. 4. 

pendule au-dessous de l'axe du 
roulis au motnenl de la plus 
grande vilesse angnlaire. 




^yy ^ 




En eombinant les deux eorreetions ensemble, on a quatre 
nouveIIes iigures. 
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— trac6 obtenu 

— trac6 corrig6 des angles ^l/^ et \p^, 

Fig. 6. 

Pendtile au-dessus de l'axe au 
Pendnle au-dessusde toiites les poiiU morl, au-dessous au nio- 
posilions de l*axe du roulis. ment de la grande vitesse« 



Fig. 5- 




«»-* 




Fig. 7. 

Pendule au-dessous de I'axe aux 
poitits morts, au-dessus au mo- 
ment de la grande yitesse. 



Fig. 8. 

Pendnle au-dessous de toutes les 
positions de Vaxe du roulis. 




'J'A^ ^ 




Le eas de la figure 7 peut 6tre laiss6 de c6t^, trbs vraisemble- 
ment; en tous eas, il ne se pr^sentera pas sur les navires 
auxquels eelui de la figure 6 est applieable. 

II ne faut jamais perdre de vue, quand on examine les 
trae^s h. la mer, ees quatres dernibres figures, sur lesquelles, si 
Ton eonsid^rait le roulis factice en eau ealme, le trait pointill6 
repr^senterait le trac6 du petit pendule et le trait plein eelui 
du grand pendule. 

On est loin, eomme on le voit, de la simplieit^ des trae^s 
r6v6e en 1869. Gependant il est rare que Ton ne parvienne 
assez facilement, par le rapproehement du trac6 des deux 
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pendules, h, distinguer daus leurs ^earts une p6riode qui est 
la p^riode des vagues. CeUe p^iiode apparait nettement aux 
instants ou ramplilude i//^ du roulis r61atif est faible et oii, par 
cons6quent, les d6vialions \j/^ et ;//g du pelit pendule sannu- 
lent. Dans le eas d un navire marehant h la voiIe, bien ap- 
puy6 par sa voilure et ne roulant pas, la eourbe du grand pen- 
dule est h. peu pr6s une ligne droite, autour de laquelle la 
eourbe du pelit pendule dessine la sueeession des vagues. 
En mesurant, sur les eourbes relev6es k la mer, leurs ^earts 
aux points morts et aux positions d'^quilibre dans le roulis 
relatif, et en ayant soin de prendre les moyennes sur un Irbs 
grand nombre de roulis, afin d'^earLer reffet des vagues, on 
peut obtenir une valeur approeh^e des angles ip, et \//,, et 
^tudier la loi suivant laquelle ils d^pendent de \pQ, ^tude qui 
a son int^rSt propre. 

II. — Etudk du Roulis. 

Si on examine simplement les deux eourbes trae^es prises 
isol^ment, on y trouve la repr^sentation du roulis Iui-m6me, 
et on voit, tout d'abord, eomment, dans les eireonstanees 
habituelles, avec une p^riode relative des vagues 2Tr, diff^rente 
de la p^riode du roulis 2Tn', les roulis se sueebdent, en eon- 
servant une dur^e assez eonstante mais en formant des s^ries 
d'oseillations h. amplitude successivement eroissante et d^erois- 
sante. Au point de vue de la r6gularil6 du mouvement pen- 
dulaire, deux eireonstanees sont k distinguer. Dans le eas, 
assez habituel, o\X la p^riode des vagues est inf6rieure a eelle 
du roulis, le navire ne peut pas suivre sa position d'6quilibre 
hydrostatique et il entre en oseillation autour de la verticale ; 
c*est alors le trae^ du grand pendule qui pr^sente des ondula- 
tions isoehrones et r^gulibres. Dans le eas, beaueoup plus rare, 
o\X la p^riode des vagues d^passe eelle du roulis, le bitiment 
oseille autour de sa position d'equilibre hydrostatique ; le trac6 
du petit pendule repr^sente alors un mouvement simple et 
r^gulier, tandis que le grand pendule enregistre la superposi- 
tion des deux mouvements du navire et de la lame ; l'instru- 
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ment n'a reneontr^ qu'une seule fois ce dernier mouvement 
d'une manibre nettenient marqu6e ; e'^tait a bord de rAnna^ 
niite recevant la houle presque de l'arribre. 

Lorsque les deux mouvements de la houle et du roulis sont 
synehrones, le b^timent doit s'arr6ter h. une amplitude eon- 
stante qu'il conserve pendant des s^ries prolong^es d'oseilla- 
tions. Les trae^s v6rifient bien eette eonelusion du raisonne- 
ment et du ealeul; ils v^rifient ^galement que ramplitude 
eonstante d'une s^rie de roulis est suseeptible de pr^senter 
deux valeurs trbs-diff6rentes selon que les points morts du 
roulis eorrespondent, soit aux sommets et au creux des 
vagues, soit aux points d'inflexion ; ils permettent enfin de re- 
eonnattre que Tamplitude maximum est sensiblement eelle qui 
peut se ealeuler ^ laide du coefficient d'eeelisit^ mesur6 dans 
les roulis factices en eau ealme. 

Avec un oseillographe sur lequel la mesure des temps a 
ili porte^ k une grande perfection, il ^tait facile de bien ap- 
profondir tout ce qui est relatif a la dur^e des roulis. Tout 
d'abord, on a pu eonstater eombien g6n6ralement est exacte, 
et dans quelles limites est exacte, la loi de l'isoehronisme des 
roulis k la mer, sur laquelle il avait €l€ beaueoup diseut^. 
Gette loi n est jamais applieable aux petits mouvements, et on 
pourait pr6voir d'avance que la p^riode ne pouvait avoir de 
fixit^ quand ramplitude ^^ ne dt^passe pas notablement Tae- 
eroissement A^^, synehrone avec la vague, qui est produit par 
le passage d'une seule vague. Sur une grosse mer, les roulis 
de VAnnamiie n'ont i\.i isoehrones qu'au-dessus de 8° de 
demi-amplitude. De plus la piriode eonstante 2Tn n'estpar 
la m6me qti'en eau ealme ; elle varie d'un jour k Tautre selon 
r^tat du temps, et elle va en diminuant, en premier lieu, 
\ mesure que l'intensit^ du vent angmente, et, en seeond lieu, 
par les jours de grand vent, \ mesure que ramplitude du roulis 
est plus forte ; eette observation a i\.i faite k bord du transport 
VAnnaniite bd,timent muni d'une assez forte m^ture, sur lequel 
la demi-p^riode, qui 6tait de 6s. 88 en eau ealme, est deseen- 
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due h 5s. 88 par brise No. 5, pour les amplitndes totales de 
25°. Sur un navire offrant moins de prise au vent, reffet aurait 
naturellement ^l^ moins pronone^. 

L'6tude d^taill^e des trae^s m'a montrd autrefois eette dimi- 
nution bien eertaine que subit la p^riode k la suite de tout 
aeeroissement d*intensit^ du vent ou d'amplitude du roulis, 
eomme intimement connexe h une diff^rence de dur^e qm 
s'^tablit en m6me temps entre le roulis simple eonire le vent 
et le roulis simple dans le sens du vent ; e'est sur le roulis 
eontre le vent que porterait toute la diminution de dur^e, le 
roulis dans le sens du vent devenant au eontraire un peu plus 
lent. 

II est assez vraisemblable que, le vent et l'ampliiude dimi- 

nuant tous deux de p^riode, leur effet aeeumul^ doit rendre 

surtont brefs les roulis eontre le vent ; toutefois je ne voudrais 

pas reproduire les chiffres que ]"ai donn^s k ce sujet sans avoir 

revu auparavant les trae^s et les eorredions qu'ils ont eu k 

subir pour 6tre d^gag^s de reffet de la bande. La moindre 

erreur dans les eorreetions est de nature, en effet, a fausser le. 

rapport entre les dur^es apparentes des oseillations eomplbtes 

ex6cut^es, soit vers un bord, soit vers Tautre, quand le trac6 

se trouve report^ vers Tun des bords du papier et ses on dula- 

tions conch6es d'une manibre sensible par rapport h. raxe du 

papier. 

in. — Etude du Tangage. 

L'dtude du tangage des navires n'avait pas mdme ^t^ 
^baueh^e, avant les observations faites avec roseillographe, de 
telle sorte que Tindieation des donn^es, sans doute eneore in- 
eomplbtes, obtenues avec eet instrument, eonstitue la totalit^ 
des eonnaissanees aetuelles sur les lois du tangage k la mer. 
R^ciproquement, rexpos6 de ce que Ton eonnait sur le tangage 
sera en m6me temps rexpos6 de ce que Toseillographe a fait 
eonnaitre ; e'est eet expos^ que je vais donner sommairement. 

Le tangage dif!%re profond^ment du roulis; au lieu de se 
eomposer prineipalement d'une oseillation propre du navire 
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se d^pla^ant eomme un pendule, soit autour de la verticale, 
soit autour de sa posrtion d'6quilibre, il est, en g^n^ral, eon- 
stitu6 simplement par le mouvement du navire k la poursuite 
de sa position d'6quilibre. 

Le tangage d^pend done de ramplitude et de la p&riode du 
mouvement angulaire de la position d'6quilibre hydrostatique 
du navire sur la houle. 

Uamplitude totale du mouvement de la position d'equilibre 
qui serait 6gale au double de rinelinaison de la vague pour un 
petit Aotteur, est r^duite pour le tangage des navires, dans une 
beaueoup plus grande proportion que pour leur roulis, en raison 
de la portion beaueoup plus grande d'une vague occup6e par le 
navire dans le sens longitudinal. Les dimensions absolues du 
b3,timent ont done une grande inHuenee sur le tangage. Tout 
aeeroissement de longueiir du navire ^quivant h, une diminu- 
tion de Tinelinaison des vagues. 

La p^riode du mouvement de la position d'6quilibre, qui 
n'est autre que la p^riode relative des vagues par rapport au 
navire en marehe, d^pend de deux ^l^ments, la p^riode r^elle 
et le mouvement propre du navire. Dans le tangage, mer de- 
bout, qui est toujours le plus imporlant k eonsid^rer lap^riode 
diminue rapidement a mesure que la vitesse du navire aug- 
mente. 

Quand Tamplitude est suAisamment petite et la p^riode 
sufl5samment longue, le b^timent suit trbs exactemm.ent sa 
position d'^quilibre hydrostatique, ou, du moins, le l^ger 
^eart n^eessaire pour mettre en jeu la stabilil^ longitudinale et 
la r^sistanee de leau qui eombinent leur aetion aux effets du 
mouvement orbitaire de l'eau pour lui faire suivre eette diree- 
tion variable, est assez faible pour ^ehapper a l'enr^gistrement 
de Toseillographe. 



Le petit pendule traee alors sur la papier une ligne exacte- 
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ment droite, autour de laquelle le grand pendule dessine le 
mouvement absolu du navire. II est k remarquer que, dans ce 
eas, les deux angles \p^, et \^, qui ahbrent le trae^ dupetitpen- 
dule, dans le tangage eomme dans le roulis, sont nuls Tan et 
Taulre ; e'est done quand il traee une ligne droiie que le petit 
pendule doit enr^gistrer le plus iidblemenl le mouvement re- 
latif du navire par rapport a sa position d'6quilibre. 

Lorsque, partant du eas pr6c<Sdent qui repr^sente le mini- 
mum de tangage possible, on reneontre une augmentation soit 
dans l'amplilude soit dans la rapidit^ du mouvement de la 
position d'^quilibre hydrostatique, la loi du tangage ehange ; 
le mouvement du navire reste synehrone avec eelui de la posi- 
tion d'6quilibre, mais il y a un angle de retard, du navire rest6 
en arri^rb de eette position, qui eonstitue un veritable tangage 
relatif. 

Tout d'abord le retard ne se manifeste qu au moment oii la 
vitesse angulaire de la position d'^quilibre est la plus grande, 
e'est-k-dire sur les sommts et dans les creux des vagues ; le 
relev6 oblenu pr^sente alors la disposition ei-dessous. 




Dans ce eas, l'amplitude totale du tangage n'est pas sensi- 
blement aeerue ; le moment o^ l'inelinaison maximum est at- 
teinte se trouve seulement un peu retard^, et la d^nivellation 
de l'eau le long du bord se trouve ainsi augmentee. Le fait 
que le navire n'atteint son inelinaison maximum qu'aprbs avoir 
d^pass^ le point d'inflexion des vagues revient h. dire qu'au 
moment de rinelinaison maximum, le point d'inflexion des 
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vagues est sur rarribre du milieu du i\avire ; il r^suUe de l^ 
que les d^nivellations doivent Stre moins grandes k Tarri^re 
qu'^ ravant; d'autres eauses se eombinent sans doute h, la 
pr^e^dente pour produire eette difp^rence des d6nivellations, 
qui existe on toutes eireonstanees, mefne quand le navire est 
plus long que la houle. 

Si lamplitude des oseillations de la houle ou leur rapidit^ 
eontinuent h. s'aeerottre, le retard du navire sur sa position 
d'6quilibre eontinue ^ augmenter, et on reneontre, sur les 
eourbes, des eireonstanees ou l'amplitude maximum du tan- 




gage relatif eorrespond au maximum du tangage absolu, de 
telle sorte que Tamplitude du tangage relatif s'est ajout6e toute 
entierb a eelle de roseillation d*^quilibre pour produire le tan- 
gage absolu. Dans ce eas, le maximum du tangage relatif 
^tant atteint sur les sommets et dans les crcux, on se trouve 
expos^, dans le creux des lames, k embarquer beaueoup 
d'eau a l'a^ant, ou, eomme on dit, a entrer dans la lame. 

Le tangage, mer de Tarribre, a lieu simplement suivant la 
position d'equilibre hydrostatiqiie ; tel est du moins le mouve- 
ment prineipal. Sur les eourbes relev6es, on diseerne quelque- 
fois un mouvement trbs vif et de tres petite amplitude qui 
semble 6tre une sorte de tangage propre execul6 autour de la 
position d'equilibre. 
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IV.— Etudk dks Vaguks. 

La eombinaison des deux pendules qui eonstitue roseillo- 
graphe double a tout d'abord 6l6 imagin6e en vue de la mesure 
des vagues. Nous avons rencontr6 tout h Theure deux eas 
dans Iesquels eelte mesure Iimit6e, bien entendu, h la p6riode 
se trouve faite par les trac6s d'une manibre h, la fois trbs elaire 
et trbs exacte, savoir : 

1®. Avec Tappareil orient6 au roulis sur un navire appuyfe par ' 
sa voiIure. Le grand pendule traee alors une ligne droite et le 
petit pendule inserit les vagues successives avec leurs p6riodes 
exactes et leurs inelinaisons relatives. 

2^. Avec rappareil orienl6 au tangage quand la mer vient de 
l'arribre ou qu'elle vient de ravant assez lentement pour que le 
navire suive sa position d'^quilibre sans aueun roulis relatif. 
C'est dans ees eireonstanees que I'instrument a fourni les plus 
longs relev^s de la surface de la mer, et qu'il a permis d'^tu- 
dier la manibre dont les vagues se suivent tant6t d'une manibre 
r6gulibre, tant6t avec les variaiions de hauteur et de vitesse qui 
r6sultent de la superposition de mouvements simples de vitesse 
diff6rentes. Dans les eireonstanees les plus ordinaires, eestk 
dire quand Tappareil est employ6 h. relever des roulis de grandes 
amplitudes, on ne peut, sur les trac6s; reeonnaitre la p6riode 
des vagues que dans les instants de repos qui s6parent la fin 
d'ane s6rie dSeroissante de eommeneement d'une serie erois- ' 
sante de roulis. Quand le roulis a une grande amplitude 
Teeart des deux eourbes reprSsente les deux deviations i//^ el 
1^,, dont nous avons parI6, superpos6es ^ l'inelinaison de la 
houle, et on ne pourrait les en s6parer que par une eorreetion 
dtfficile, d'une pr6cision douteuse. 

On n'obtient avec rinstrument que la p6riode de la houle 
relatiye an navire en marehe ; si on veut en d6duire la p6riode 
r^elle» il faut relever direetement Tangle de la direetion de la 
houle avec raxe da navire et la vitesse du b^timent. 

Da reste il importe d*a]OUter toujours Sila mesure de la 
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periode donn^e par Tappareil, la mesure direete qu'il est facile 
de faire de eette p6riode et, de plus, une 6valuation de la lon- 
gueur des lanies que l'on eorrigera ensuite, k Taide de la 
p6riode, en appliquant une formule th8orique, querexperience 
v6rifie toujours. 



THE "SEIGHES" 0F LAKES. 



By Dr. F. A. Forel (Morges, Switzerland). 
Extract froin "Le Guide Scientifique " of Oetober, 1885. 

(Communicated to the Seis. Soe. by Prof. C. D* West). 

I have ]ust received a brilliant verification of the formula 
relatiiig to Seiehes whieh I established in 1876. In order to 
make the interest in this subject understood I must first of 
all give some general explanation about the phenomenon. 

The dwellers on the shores of Lake Leman have known for 
ages singular variations in the level of the water of the lake, 
whieh they eall ** Seiehes ; " without apparent eause they see 
the water rise several eentimetres, some times several deeime- 
tres, with a slow movement whieh lasts sometimes five minutes, 
sometimes a quarter of an hour, or sometimes half an hour, 
then retire with the same slowness below its original level, then 
rise again, and so on. One might eall it a small tide of low 
amplitude and short duration. 

Attentive observation shows similar movements in all lakes 
and ponds, whatever may be their dimensions. 

I demonstrated in 1873 that these seiehes are due to a 
balaneing of oseillatory waves of water, whieh oseillate from one 
extremity of the lake to the other with a movement rhythmie, 
isoehronous, and of deereasing amptitude, otherwise ealled a 
" Pendular " movement. 

These seiehes are of very frequent oeeurrenee. With the 
aid of sufficientlydelicate registering apparatus we mayobserve 

B 
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them eonstantly ; we ean seareely find in a year several eon- 
secative hours, never an entire day when the level of the lake 
does not show some signs of these rhythmieal phenomena. 

The amplitude, or the height of seiehes is very variable. It 
varies with the sitaation ; eertain plaees situated at the end of 
funnel-shaped bays, Geneva for instanee, have seiehes very 
mueh bigger than other stations situated on a pro]ecting eape. 
The amplitude varies also from one day to another; some 
times then are no seiehes, or almost none, some times their 
develppment reaehes a masimum. The biggest seiehes known 
were those of Oetober ^rd, 1841, observed at Geneva when the 
ehange of water level from the highest to the lowest was more 
than 1.90 metres. Tbis instanee is very rare ; during the 
nine years that we have had eontinuous graphie reeorders at 
Lake Leman we have not observed any seiehes at Morges with 
an amplitude exceeding ao eentimetres. 

The study of the amplitude and development of seiehes 
have shown us their relations with the movements of the 
atmosphere ; their beginning eoineides with a rupture of the 
equilibrium of the air over the lake. A storm whieh strikes 
the lake eauses a loeal ehange of water leve], a first impulse, 
whieh is followed by a series of oseillations of deereasing amp- 
litude unlil a state of equilibrium is again attained, or what 
more frequently happens, until a new series of seiehes is 
deveIoped effacing the traees of the preeeding series. I have 
observed on the traeings of the register an nnbroken sueeession 
of sueh pendular oseillations, eaused by a single impulse and 
eontinuing for three, four, or five days. 

I distinguish two prineipal system of seiehes in a lake : 

(i). Longitudinal seiehes whieh oseillate along the great- 
est length of the lake : in Lake Leman this is from Ghillon to 
Geneva. 

(2). Transversal seiehes whieh oseillate along the greatest 
breadth of the lake : in Lake Leman this is from the Swiss to 
the Savoyard eoast, from Morges to Evian. 
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In eaeh of these systems I reeognise three prineipal types 
of seiehes, namely : — 

(i). Seiehes of the first order, or uni-nodal seiehes with a 
single node and two ventral segments of oseillation. The 
water is raised at one end of the lake while it is lowered at the 
other; at the middle of the length of the basin is a dead point, 
the node of oseillation, where the height of the water does 
not vary. 

(2). Seiehes of the seeond order, or bi-nodal seiehes, with 
two nodes and three ventral segments. The water is raised 
simultaneously at the two ends of the lake, while it is lowered 
in the middle, and vtce versd; between these three ventral 
segments there are two nodes of oseillation where the Ievel of 
the water remains stationary. 

(3). Gompound seiehes (or seiehes dierotes) in whieh there 
is a superposition of seiehes of the first and seeond order, 
whieh gives, aeeording to the station of observation diilerent 
types of curves of ehanges of water Ievel, very eomplieated at 
the ends of the lake where the ventral segments of the uni- 
nodal and bi-nodal seiehes mutually interfere. 

I will here give, aeeording to our observations on Lake 

Leman, the duration of these different types of seiehes, ealling 

the duration the spaee of time between two maxima of the 

height of the water, or erests of the seiehes : — 

Longitudinal uni-nodal seiehe 73 minutes. 

Longitudinal bi-nodal seiehe. , 35 minutes. 

Transverse uni-nodal seiehe.. ....... ...... 10 minntes. 

The duration of a seiehe varies from one lake to another ac- 

eording to the dimensions of the basin. In 1876 I sueeeeded, 

relying on a theoretieal equation of Rodolphe Merian of Bale, 

in giving in a praetieal and very simple manner, a formula for 

uni-nodal seiehes, namely : — 

/ 

V^'gh" 

whieh expresses to the time of oseillation of a demi-seiehe in 
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seeonds, a function of / the length in metres of the seetion of 
the lake in the direetion in whieh the seiehe oseillates (the 
greatest length, or greatest breadth) of h the mean depth 
of that seetion, g being the co-ef!icient of gravity 9.8088. 

Aeeording to this formula, the longer a lake is the longer the 
duration of the seiehe. But this duration is greatly inAueneed 
by the depth of water ; when the lake is shallow the duration 
of the seiehe is prolonged ; we may assume that the friction 
of the bottom is the eause of this retardation. Tbe examples 
whieh I had at hand of the seiehes of Swiss lakes permitted 
me to verify direetly this formula, and I found that it applied 
very well on the one hand to the known dimensions of these 
lakes, or on the other hand to the duration of sueh seiehes as 
I had measured. £ut all these lakes have very deep basins, 
of 100, 200, 300 metres, or more, and I never had an oppor- 
tunity to verify the formula in the ease of shallow lakes, or 
ponds, where the retarding inAuenee of the friction would be 
exaggerated to the extreme. I am happy to find this verifica- 
tion in an observation whieh eomes to us from a eontinent 
situated at our antipodes. 

The President of the Royal Soeiety of New South Wales, 
Mr. H. C. Russell, of Sydney, in Austalia, has studied, with the 
aid of a graphie reeorder, the seiehes of Lake George, a moun- 
tain lake situated behind the Gouroek Range, in the Murray 
distriet. Here are the position and dimensions : — 

Longitude 149^ 25' E. Greenrieh. 

Latitude r, 35° 7' S. 

Altitude, approximate 600 metres. 

Length, 18 English miles 2,8962 metres. 

Breadth, 5 English miles 8,045 metres. 

Depth, 15 to 20 English feet 4*5 to 6-i metres. 

Mr. Russell gives the duration of longitudinal uni-nodal 
seiehes as being 131 minutes. 

This duration is very great, it reaehes very nearly double 
that of the eorresponding seiehes of Lake Leman, whieh is 
only 73 minutes, and nevertheless the lenglh of Lake Leman, 
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73.2 kilometres, is more than double that of Lake George, 
29 kilometres. This is an effect of the retardation due to the 
the shallow depth of Lake George, whieh is not more than 
from 5 to 6 metres, while Lake Leman has a maximum depth 
of 334 metres and a mean depth of 114 metres. 

Applying our seiehe formuIa to Lake George : — 

/= L_ 



From whieh we get — 

A = ^ 



If in this formula /= 28962 metres and / the duration of a 
demi-seiehe = 3930 we iind for the mean deplh ; h = 5*536 
metres or 18.1 English feet. 

Mr. Russell tells us that the depth of Lake George isfrom 15 
to 20 feet : the seiehe formuIa gives me 18 feet. 

The verification, in this ease of extreme variation of thevery 
important factor, the depth, is as satisfactory as we eould 
desire. 

F. A. FoREL (of Morges), 
Professor at the Aeademy of Lausanne. 



SEISMOMETRY AS APPLIED TO RAILWAY 

TRAINS. 



By John Milne. 

[Read Deeember i3th, 1889.] 

The following paper deseribes an instrumeut whieh has 
faithfully reeorded the oseiliatory movements of Railway Trains 
in Japan, in Europe, and twiee aeross the Ameriean Gontinent. 
The reasons for bringing it to the notiee of the members of 
the Seismologieal Soeiety are numerous. Not only is it a useful 
outeome of Seismometrieal work undertaken in this eountry, 
but for whieh work it might not yet have been designed, but it 
represents a type of instrument whieh may be employed to 
reeord earthquakes more severe than those with whieh we have 
bitherto been oeeustomed to deal. 

My attention was iirst direeted to the measurement of the 
05ciHations of a train by Mr. John MeDonald, of the Loeomo- 
tive Department, at Shimbashi, Tokyo, who had tried to reeord 
the oseillatory movements of a Iocomotive by observing the 
movements of a liquid in a bottle. Subsequently I iearnt that 
the same problem had been attempted by engineers in Ameriea 
and Europe, but for reasons very similar fo those whieh led to 
the abandonment of the earlier forms of seismoseopes by the 
members of this soeiety, this work appears to have terminated 
without sueeess. Many experiments were made, and for per» 
mission to make then my thanks are due to Mr. F. H. Trevi- 
thiek, M.I.e.E., and olher ofiicials eonneeted with ihe Tokyo- 
Yokohama Railway. It was soon found that ordinary earth- 
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quake instruments were too 8ensitive, their working being 
interfered with by the suddenness of the jo1t8 to whieh they 
were 8ubjected and by their sensibility to ehanges in iaelination. 

The apparatus to be employed on a ]ocomotive or in a train 
required eonsiderable stability and at the same time, so that it 
eould be used with convenience, it was neeessary that it should 
be eompaet. Sueh instruments have been designed, and al- 
though they invoIve the same prineiples as many seismographs 
they eould not be employed for reeording ordinary earthquakes. 
Farther, on aeeount of their stability, they must not be eon- 
iounded with any apparatus of the nature of an ordinary pen- 
dulum, the movements of whieh are likely from time to time to 
syi\chronize with ihat ot a train and reeord excessive motion 
when the aetual range of motion may really have been very small. 

The folIowing is a deseription of an instrument : — 

Thk Instrument. 
The instrument eonsists of three parts A, B^ C. The part A 
reeords the up-and-down motion, the part B side-motion, and 
the part C the fore-and-aft motion. These three eomponents 
of movement are respective1y named the vertica1, trans^erse» 
and longitudinal, and aeeording to the eonstruetion of the 
maehine, they may be written on separte bands of paper whieh 
are moved eontinuously by doekwork D, or they may be writ' 
ten side by side on one broad band of paper moving from 
drum Ey over F, whieh is driven by eloek-work and eoiled up 
on (r. 

The apparatus Ay for reeording vertical motion, eonsists of 
a spring eoiled in a box, a^ as in an ordinary eloek ; elamped 
to this box and extending horizontalIy, there is a lever h earry- 
ing a weight, the moment of whieh is so adjusted that the box 
with its spring is prevented from unwinding. When this ar- 
rangement is moved quickly up and down the weight by its 
inertia tends to remain at rest, and the box slightly turns iirst 
in one direetion and then in the other. These angular devia- 
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tions of the box are reeorded by meaii of an index, e, earrying 
a peneii whieh is attaehed to the box and stands up vertically, 
tjie peneil resting on the moving paper. By altering Ihe length 
of this index, or by winding up or unwinding the eoiled spring 
and shiftlng the weight along the lever, the multiplieation of 
the instrument may be varied. The instrument ean lherefore 
be used on a Iocomotive where movement is great or in a ear- 
riage where it is small. 

For an upward movement, that is when the weight is re- 
latively lowered, the moment of the weight is deereased, but as 
the spring slightly eoils, there is a slight tendeney to bring the 
weight and its lever baek to the horizontal position. In some 
instruments this has been overcome by inereasing the moment 
of the weight by means of a small eompensating spring, whieh, 
when the weight is depressed, aets in a direetion eontrary to 
that of the mainspring. As the rate at whieh the weight tends 
to rise is, however, very slow, eompensatioh to obtain absolute 
neutrality is not required. 

For a downward movement of the apparalus, or an upward 
motion of the weight, the weakening of the spring by uneoiling 
is praetieally equal to the deerease in the moment of the 
weight, and the weight therefore remains at rest. The general 
result of this is that for either up or down movements the 
weight is praetieally at rest, and the pointer not only foIlows 
eaeh vertical movement of the train, but its reeords may be 
used to measure them. 

The apparatus B, whieh is used to reeord the transverse 
motion, is praetieally the same as that whieh is used for the 
longitudinal motion, the two pieees of apparatus being plaeed 
at right angles to eaeh other, A deseription of one of them 
will therefore be suASeient. 

A solid eylinder, d^ of metal is pivotted on itsedge, forming 
with a given mass of material the shortest period pendulum 
that ean be eonstrueted. Immediately beneath this, and in a 
parallel position, there is a seeond eylinder, ^, whieh relatively to 
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the upper eylinder is pWoUed on its lower edge. These two 
pendulums are eonneeted together by slidlng joints/; so that 
they are not free to move independently. The 8izes of these 
two pendulums are so proportloned that if they are displaeed 
to the right or ieft from their normal position, there is no ten- 
deney — or only a slight tendeney — to return to that position. 
The moment of one is balaoeed by the moment of the other. 
When, therefore, the frame of these pendulums is rapidly 
moved baek and forth there is a line in the system whieh 
praetieally remains at rest. Projecting upwards from the top 
of the upper pendulum there is an index, g, and a peneil whieh 
reeords eaeh baek and forth moment relatively to the fixed line 
in the syslem. 

In eaeh of the instruments now deseribed, it will be seen 
that we have praetieally neutral e^uilibrium^ and that move« 
ments are reeorded and measured from steady points. In ali 
other instruments whieh have been designed for reeording 
railway motion great stability has been given to the suspended 
masses, and ihey have been quick vibrators,'the result of whieh 
has been that the motions reeorded have been eompounded with 
the natural period or swinging of the pendulums employed. 

Sueh instruments are more elosely related to seismoseopes 
than seismometers. 

Thk Diagrams. 

I will now deseribe the diagrams whieh have obtained and 
the nature of the information whieh they furnish. 

I. As Train Timers. — Inasmueh as vibrations only oeeur 
while a train is in motion, the portions of a diagram when no vib- 
rations are reeorded indieate the time that a train has stopped. 
The length of these blank spaees show, in minutes or fractions 
of a minute, the duration of stoppages. By inspeeling a dia- 
gram we ean determine how long a train was on a given journey, 
whether it stopped at stations or signals, and from the length of 

* Paper read before the British Assoeiation. 
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the diagram on aknown line iteanbe seen where the train went 
quickly and where it went slowly. The train is automatieally 
timed. As the distanees between staliona are known it is an 
easy matter to determine average speeds. The speed at any 
position of a ]Ourney requires a mark to be made on the mov- 
ing band of paper, say at every hundred revoluiUions a wheel 
of the earriage in whieh the maehine is plaeed. This is done 
by a simple contrivance now being applied to instruments in 
Japan. When passing curves, if the train is running at a speed 
exactly suited to the eant of the rails the diagram is written to 
the right and left of a eentral line. If it is going too slow> the 
diagram is written on the left of sueh a line, but if it is going 
too fast, or, in other words, if the speed is dangerous, the 
rollers are thrown outwards and the diagram is written on tho 
right of the eentral line. 

Grades are indieated by the tipping of the fore and ait rollers, 
and therefore they are shown by deviation to the right or left of 
the path traeed by the writer when on a level traek. 

2. As THE Rkcorder of thk Condition of a Link. — Na 
matter what the speed at whieh the train is travelling, or in 
what eharaeter of earriage it is plaeed, any abnormal motions 
show themselves as excrescences on the general diagram. Foc 
instanee, the ]olts at facing points are partieularly well marked. 
Irregularities due to variations in gauge, want of ballast, springy 
portions of the road, faults in ties or sleepers, irregular mo- 
tions on bridges, — are all faithfully reeorded. Sometimes 
movements are reeorded whieh eannot be felt by passengers. 
For example, in erossing the Kawasaki Bridge, on ihe Tokio- 
Yokohama line, it was notieed that on the down traek on or 
about the seeond span there was always one large vertical 
movement reeorded. The bridge, whieh is of iron, eonsists of 
a number of 100 ft. and a long series of 40 ft. spans. The 
movement, inasmueh as it eould not be felt, must have been of 
the nature of an easy spring-like bending.* 

^ The eause of tliis moyeinent has been discovered aod the neeessary 
repairs made« 
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From the long series of diagrams whieh have been taken in 
Japan, Ameriea, and in-England, it is elear that the dlagrams 
give a report on the^tate of a line, and if these are repeatedat 
lntervals they show if ehanges are taking plaee. 

3. AS A MeANS 0F TkSTING LoeOMOTIYKS AND CaRRIAGES. 

For testing locomotives and earriages they should be run 
under similar eonditions over the same line. The diagrams 
are drawn upon a band of paper running at a rate of about i 
ineh per seeond. The result of this is that the vibrations are 
drawn out as a series of successive waves; with this diagram 
before us, we ean measure not only the range of motion of any 
given wave, but also the time taken to deseribe this wave. 
Having measured these quantities, it is an easy matter to eal- 
eulate the suddenness wiih whieh eaeh movement eommenees 
to be made, and this is a quantity whieh may be taken as a 
measure of the ]erks whieh are experienced. For example, the 
iollowing two sketehes are small portions of redueed diagrams 
of fore and aft motion taken from two different Iocomotives 
run over the same line at a similar speed, and under the same 
eonditions respeeting " notehing/' &c. These partieular loeo- 
motives have the same dimensions, and one drawing, excepting 
deiails relaiing io halaneing, represents both engines. 
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In the ease of No. i we see that the range of motion, half 
of whieh, or the amplitude of motion whieh we eall r, has 
been three milimetres. The time taken for a eomplete vibra- 
tion, or the period whieh we eall, T, has been .25 seeonds. If a 
equa1s the maximnm aeeeleration per see. per see, we find that 

a=^ ^Z, ^ =480 milimetres per see. per see. 
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In the ease of No. 2, the maxinaum aeeeleration only equals 
about 200 milimetres per see. 

These quantities are measure of the ]erkiness of the engine. 
Engine No. i, where there is a great difference between the 
moment of the balanee weight and what would be the moment 
of the reeiproeating parts if they were hung on the erank-pin, 
pulls its load by a series of jerks or tugs, whereas in engine 
No. 2, where the above moments are more nearly equal, the 
jerks or tugs are relatively small. Engine No. i is moving a 
load in an uneeonomieal way, and that this is the ease is seen 
hv d re/erenee to the eoal aeeounts. 

For eeonomy in fuel it would appear that diagrams of fore- 
and-aft motion ought to be kept small. 

In a similar manner a Pullman ear may be eompared with 
an ordinary ear. In the one ease we have a large range of 
motion and a long period, while in the latter a small range 
and a short period. 

Types of Instruments. 

1. FoR TiMiNG Trains and giving General Information 
RESPEGTiNG A LiNE. — This Gonslsts of a somewhat peeuliarly 
eonstrueted eloek driving a narrow band of paper at the rate 

of i ft. per hour. On Ihis band only the vertical motion is 
written, but inasmueh as lateral ]erks have a vertical eom- 
ponent these also are reeorded. 

2. FoR GiviNG Detailed Information respegting a Line. — 
Here a eloek similar to that in No. i is used. It drives a 
broad band of paper on whieh all eomponents of motion are 
reeorded. In addition to timing a train and showing irregu- 
larities on a line, it indieates curves, grades, and shows when 
brakes are applied, &c. 

3. FoR Testing Locomotives and Garriages. — This only 
differs from No. 2 in the eloekwork, whieh drives a drum at 
a high speed for a short interval of time. 
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TIMES 0F OCCURRENCE 0F EARTHQUAKES AT 
TELEGRAPH STATIONS IN CENTRAL JAPAN. 



By W. B. Mason. 

[Rea4 Mateh ^th, 1890.] 

Every day at 12 noon a signal is sent to Telegraph stations 
throughout Japan from the Central OASee in Tokyo. At all 
stations on the main eireuit standard time is conseqaently aeeur- 
ately known. But the stations on braneh lines, to whieh the 
signal is transmitted by manual operation from where the braneh 
line leaves the main eireuit, eannot be regarded as possessing 
the time at all aeeurately. And elearly, to satisfactorily time the 
oeeurrenee of an earthquake as it is felt at different loealities, 
we must have aeeurately eompared eloeks at these loealities. 
But besides this doubt in several eases as to the aeeuraey of the 
time reeord, there is further the personal difficulty of aeeurately 
timing the earthquake. The telegraph elerks, whose services 
were employed, had no instrumenls. Some might note the 
beginning, some the end of an earthquake — others again might . 
take the instant of severest shoek. AU those yarious sourees 
of uneertainty are present in the observations under diseussion. 
Yet some results seem dedueible from what are still meagre 
statisties. Thus of the 151 earthquakes reeorded in Tokyo 
during the interval, only 89 were felt at the other telegraph 
stations. Some of those whieh were felt at all the stations 
seem to have been felt at almost exactly the same instant. In 
other words there was no indieation of a progression of the 
earthquake from point to point. 
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par exainple, llie limea reeorded o( the earihquake of 
the tnd AugusE, 1889, whieb was felt over a wide area, are as 
follow8 : — 

Yokohama 10.2 

Ghiba lO.ii 

Uounomiya 

Hachioji 

Takaiaki 

Shirakawa 10.2 

Tokyo 

Tlie earthquake of the 7th Oetober, 1S89, reeorded only at 
Tok^o and Hakodaie, shows a dlHerenee in the times of oeeur- 
renee of but t8 seeonds, and while the obseTvations also show 
ihat several earthquafces were felt oveT Ihe large estent of 
eountry between those plaees, others apparently having their 
oiigin near Shirakawa in the Preteeture of Iwaki are almost 
eontined to that loeality. 

Only those earthquakes reeorded by the Gray-Milne Seismo- 
graph at the Observatory in Tokyo and noted by theTelegraph 
Siations are entered in the aeeompanying list. Details of 
those not obsemd beyond Tokyo may be found in ihe Cata- 
logue of £arthquakes issued by tbe Meteorologieal Bureau and 
in the Soeiety'a pubheationa. 
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Earthquakes rkgorded at Tklegraph Stations in Gsntral 

AND NoRTHERN JaPAN, 

From iith August, 1888, to 31ST Dec., 1889. 



Plaee, 



eiioshi 

Tokio 

Odawara ... 

ehiba 

Utsunomiya. 
Shirakawa . . 

Sendai 

Tokio 

Shirakawa... 
Utsunomiya. 

Chiba 

Sendai 

Tokio 

Yokohama. . 
Hakodate ... 

Tokio 

Ghiba 

Sliirakawa . . 
Ghoshi ...... 

Tokio 

Ghoshi 

Ci)iba 

Yokohama. . 
Utsunomiya. 
Shirakawa . . 

Tokio 

Yokohama. . 
Takasaki ... 
Utsunomiya. 

Sendai 

Shirakawa... 
Takasaki ... 

Tokio 

Yokohama... 

ehoshi 

eiiiba 

Tokio 

Chiba 

Tokio 

Chiba 



Date. 



1888. 
iith Aug. 
I2lh Aug. 
I2th Aug. 
I2lh Aug. 
I2th Aug. 
I2lh Aug. 
I2lh Aug. 
lytli Aug. 
I7lh Aug. 
lyth Aug. 
I7ih Aug. 
24th Aug. 
Iith Sept. 
iith Sept. 
27th Sept. 
28ih Sept. 
28lh Sept. 
30th Sept. 
igth Oel. 



20th 

20lh 

20lh 
20th 

20lh 



Oet. 
Oet. 
Oet. 
Oet. 
Oet. 



22nd Oet. 
2nd Nov. 
2nd Nqv. 
2nd Nov. 
2nd Nov. 
2nd Nov. 
2nd Nov. 
2nd Nov. 
3rd Nov. 



3rd 
3rd 
3rd 
3rd 
3rd 
5th 
5th 



Nov. 

Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 





• 


Time shown by 


0.^ 


eloek at time 


■^r. 


of Signal. 


«K 




u 


11.58.30 


Yes 


observatory 


^~ 




— 


observatory 




12.00.20 


Yes 


12.00.00 


No 


1i.57.OG 


Yeb 


12..00.10 


Yes 


observatory 


— 


12.01.00 


Yes 


11.59-30 


Yes 


observatory 


— 


12.00.00 


Yes 


12.00.50 


Yes 


observatory 


— 


12.20.00 


Yes 


12.00.00 


Yes 


12.00. II 


Yes 


12. 00.00 


No 


II. 59. 10 


Yes 


observatory 


— 


12.00.00 


No 


12.00.00 


Yes 


12.00.00 


No 


12.00.05 


Yes 


11.5940 


Yes 


12.01.30 


Ye^ 


observatory 


— 


12.00.00 


No 


II. 59.10 


Yes 


12.00.00 


Yes 


observatory 


— 


12.00.00 


Yes 


observatory 


— 


I2.00;00 


Yes 



Time shown 

at time of 

Earthquake. 



9-3 1-55 a 
11.42.27 a 

11.42. 17 a 

11.41.10 a 

11.40.50 a 

1 1 .44.00 a 

11.40.40 a 

3 4950 a 

3.49.20 a 
3.49.30 a 

3-50-55 a 
9.15.00 p 

8.34 54 a 

8.3545 a 
11.24.30 a 

7.05.21 a 
7.06.10 a 
7.20.10? 
3.15.00 a 
6.15. 16 a 
6.14.00 a 
6.10.40 a 

6.15.00 a 
6.14.30 a 
6.39.20 ? 

1. 48.01 p 
1.47.00 p 
1.48.30 p 
1 .46.30 p 
8.47.00 p 
8.47.20 p 
8.51.20 p 

8.13.33 a 
8.15.303 

8.12.50 a 

8.17.30 a 

0.51. 14 a 

0.51. 10 a 

4.22.55 a 

4.20.00 a 



m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 

m. 
m. 
m. 
m. 
m. 
m. 

m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 



Itemarks. 



No signal 
No signal 
No signal 
No signal 
No signal 



No signal 
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Plaee. 




Hakodale 
Hakodale 
Tokio .. ... 
Hakodaie 

Tokio 

Hakodale 
Sendat ... 



Tokio 

Shirakawa... 

Toklo 

Seiidai 



Tokio , 

Hakodate 
Sendai ... 



Utsunomiya. 

Tokio 

eiiiba 

Toko 

Yokohama... 
Ulsunomiya. 

Tokio 

Sendai 

Utsunomiya. 
Shirakawa... 
Utsunomiya. 
Utsunomiya. 



Tokio 

Takasaki ... 

Tokio 

Ghoshi 

Yokoiiama... 

Hachioji 

Odawara 

Ghiba 

Utsunomiya. 
Takasaki ... 
Shirakawa... 

Tokio 

Utsunomiya. 
Utsunomiya. 

Tokio 

Ghoslii 

Utsunomiya. 
Shirakawa... 



1888. 

5ih Nov. 

5ih Nov. 

6ih N()v. 

6lh Nov. 

7ih Nov. 

yih Nov. 

igih Nov. 

20th Nov. 
20lh Nov. 
22nd Nov. 
22nd Nov. 

241 h Nov. 
241I1 Nov. 
24ih Nov. 

24th Nov. 

25th Nov. 

25ih Nov. 

3rd Dee. 

3rd Dee. 

3rd Dee. 

61I1 Dee. 

6t»i Dee. 

8th Dee. 

8ih Dee. 

i6th Dee. 

30lh Dee. 
1889. 

Ist Jan. 

ist Jan. 
• ist Jan., 

Ist Jan. 

Ibt Jan. 

ist Jan. 

ist Jan. 

ist Jan. 

ist Jan. 

ist Jan. 

ist Jan. 

3rd Jan. 

3rd Jan. 
3id Jan. 
I2th Jan. 
I2th Jan. 
I5lh Jan. 
I5th Jan. 



Time f>hown 


• 


by eloek %t 


•§s 


time 


nS 


of SiKital. 


^8 
Yes 


11.58.30 


observatory 


— . 


11.59-30 


Yes 


obsetvator) 


i— 


11.59-40 


Yes 


11.59.20 


Ye^ 


observatory 


— 


12.00.00 


No 


obsei vatory 




11.58.25 


Yes 


observatory 


— 


12.00.30 


Yes 


11.58.00 


Yes 


11.59.30 


Yes 


observatory 


— 


observatory 


— 


12.00.00 


No 


"•59 45 


Yes 


observatory 


— 


11.59.20 


Yes 


12.00.00 


No 


12.00.00 


No 


observatory 




obseryatory 


— 


12.00.50 


Yes 


12.00.00 


No 


12.00.00 


No 


12.00.00 


No. 


12.00.00 


No 


observatory 


— 


12.00.00 


No 


12.00.00 


No 


obseryatory 


— 


12.01. 10 


Yes 


12.00.00 


No 


12.00.00 


No 



Time shown at 

time of 

Earthquake. 



9.05.30 
3.37.00 

4.38-37 

4-4730 

10.27.34 

10.24.00 

1 1 .58.00 

0.53-29 
0.53.40 

1.27.43 

1.25.00 

2.03.23 
2. 10.15 
1.58.00 

2.02.00 

4-50.15 
4.50.00 

0.24 47 

0.26.00 

4.06.00 

7.27.42 

7.24.40 

4.15.00 

5.05.00 

5-30.30 
11.29.30 

3.04.50 
3-05.00 

7-05.30 
7-05.30 

7.05.00 

7.07.05 

7.04-55 

7.04.15 
7.04.30 

7.07.00 

7.10.00 

7.5806 

7.58.30 
2.24.20 

8.34 03 
8.34.55 

9 5 »-30 
9-52.30 



a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 

a.m. 
a.ni. 
p.m. 
p.m. 

a.m. 
a.m. 
a.m. 

a.m. 
p.m. 
p.in. 
a.m. 
a.m. 
a:m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
? 

a.m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
a.m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 



Reoaarks. 



No signal 



Lasted about 
one minute. 
Very strong. 



aosees. Very 
strong. 



40secs. Very 
strong. 



No signal 



No signal 
No signal 



45 sees., 
seyere 
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PUee. 



Ghoshi 

Tokio ....r.... 

eiioslu 

Shirakawa ... 
Yokoliama... 
TaUasaki ... 

Sendai 

Utsiinomiya. 

ehiba ^ 

Hac}noji ... 
Odawara ... 

Tokio 

Hakodate ... 
Odawaia ... 

Tokio 

Yokoliama... 

Tokio 

Ginba 

Tokio 

Slurakawa ... 
Hakodate ... 

eiioshi 

Tokio 

eiiiba 

Tokio 

eiiiba 

eiiiba 

Tokio 

Yokoliama... 
Yokohama... 
Takasaki ... 
Utsiinomiya. 
Odawara ... 
Utsunomiya. 

Tokio 

Utsunoniiya. 
Takasaki ... 
Takasaki ... 

Tokio 

Sendai 

Sendai 

Yokohama .. 

eiiiba 

Chiba 

Choslii 

Shirakawa .. 
Shirakawa .. 





Time shown by 


u?. 


Time shown at 




Date. 


eloek at time 




time of 


Remarks. 




of Signal. 





Earthquake. 




1889. 










6lh Feb. 


12.00.00 


No 


3.21.00 p.m. 




6ih Feb. 


obseryatory 


No 


3.20.05 p.m. 




i8ih Feb. 




No 


6.06.00 a.m. 




i8th Feb. 


— 


No 


6.10.00 a.m. 




i8th Feb. 


.^ 


No 


6.09.00 a.m. 




l8ih Feb. 


— 


No 


6.09.30 a.m. 




l8lh Feb. 


.— . 


No 


6.08.00 a.m. 




i8ih Feb. 


— 


No 


6.09.00 a.m. 




i8th Feb. 




No 


6.05.00 a.m. 




i8ih Feb. 


«MW 


No 


6.10.03 a.m. 




l8ih Feb. 




No 


6.09.35 a.m. 




l8th Feb. 


obseiyatory 


No 


6.09.32 a.m. 




l8th Feb. 




No 


8.20.00 a.m. 




2ist Feb. 


12.00.18 


Yes 


II. 01.00 a.m. 




2lst Feb. 


obsei valory 


Yes 


II. 01. 04 a.m. 




2Ist Feb. 


12.00.00 


No 


5.52.23 a.m. 




2lst Feb. 


observalory 


No 


5.52.21 a.m. 




4ih ]\Iar. 


11.59.00 


Yes 


7.22.00 a.m. 




I4lh Mai. 


observatory 


Yes 


7.24.25 a.m. 




I7th Mar. 


12.00.00 


Yes 


5.06.00 p.m. 




28lh Mar. 


12.00.00 


Yes 


9.15^. 9.403. 


Slight. 


28lh Mar. 


12.00.00 


Yes 


10.23.00 a.m. 




28lh Mar. 


observatory 


Yes 


10.22.55 a.m. 




281 h Mar. 


12.00.00 


Yes 


1.22.00 a.m. 




28lh Mar. 


observalory 


Yes 


1. 20.10 a.m. 




28ih Mar. 


12.00.00 


Yes 


10.25.10 a.m. 




28th Mar. 


12.00.00 


Yes 


7.20.00 p.m. 




28lh Mar. 


observalory 


Yes 


7.18.23 p.m. 




28lh Mar. 


12.00.20 


Yes 


1. 19.50 a.m. 


■ 


28th Mar. 


12.00.20 


Yes 


10.23.40 a.m. 




28th Mar. 


11.58.00 


Yes 


1.20.30 a.m. 




28lh Mar. 


11.58.40 


Yes 


1.22.00 a.m. 




281 h Mar. 


12.00.45 


Yes 


1.20 07 a.m. 




3ist Mar. 


Sunday 


No 


6.40.30 a.m. 




3ist Mar. 


— 


No 


6.42.15 a.m. 




3ist Mar. 


— 


No 


6.00.00 p.m. 




3ist Mar. 




No 


6.42.00 a.m. 




3ist Mar. 




No 


5.58.00 p.m. 




3ist Mar. 


observatory 


No 


5.59.42 p.m. 




3ist Mar. 


no signal 


No 


7.30.00^.111.? 




3ist Mar. 


■MM 


No 


6.00.00 p.m. 




3ist Mar. 




No 


6.43.00 a.m. 




3ist Mar. 


— 


No 


6.42.55 a.m. 




3Ist Mar. 





No 


6.00.00 p.m. 




3ist Mar. 


— 


No 


6.41.50 a.m. 




3ist Mar. 




No 


6.39.00 a.m. 




3ist Mar. 


~ 


No 


6.02.10 p.m. 
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Plaee. 



Hachioji ... 

Tokio 

Yokohania .. 

eiiiba 

Yokoiiaina .. 
Shirakawa .. 
Ulsunomiya. 

Tokio 

Sapporo 

Shirakawa .. 

ToUio 

Chiba 

Ghiba 

Yokohania .. 

Toleio 

Ulsunomiya. 
Odawara ... 
Odawara ... 

Tokio 

Shirakawa .. 

Toi«io 

Hal<odate ... 
Siiiraitawa .. 

Sendai 

Tokio 

ehosiii 

Yokohama .. 
Ulsunomiya. 

Toi<io 

Shirakawa... 
Utsunomiya. 
Utsunomiya. 
Yokoiiama .. 

Toliio 

Shirakawa... 
Ulsunomiya. 

Tokio 

Sliirakawa... 

Tokio 

Siiirakawa... 
Shirai<awa... 

Ghosiii 

Tokio 

Ulsunomiya. 

Tol<io 

Ghoshi 

Tokio 



Daite. 



1889 
3id Api 
3rd Api 
3rd Api 
3rd Api 
3rd Api 
71I1 Apr 
81I1 Apr 
8iii Apr 
I4lii Api 
i/tii Apr 
171I1 Apr 
181I1 Apr 
181I1 Apr 
181I1 Api 
i8lii Apr 
i8lii Api 
i8iii Api 
i8tii Apr 
i8iii Apr 
191I1 Apr 
igtli Apr 
iptii Api 
28tii Api 
28th Apr 
28iii Apr 
28tii Apr 
6tli May 
6tii May 
61I1 May 
iiiii May 
131I1 May 
I4tli May 
171I1 May 
171I1 May 
20th May 
30li. May 
30lh May 
ist June 
ist Juiie 
3rd Jnne 
3rd Juiie 
3rd Jniie 
3rd Juiie 
I4tli June 
I4lii Jnne 
I5lh Jnne 
I5lh June 



Time shown 

at time of 

Signal. 



11.59.00 
observatoi) 
12.00.00 
12 00.00 
12.00.00 
12.00.00 

obsei vatoi) 
12.00.00 
12.00.00 

obset vaior} 
12.00.00 
12.00.00 
12.00.00 

observatory 
12.00.00 

1159-23 

11.59-23 

observatory 

12.00.00 
observalory 

1 1 .5845 



observatory 

12.00.00 
12.02.00 

observalory 
12.00.00 
11.55.00 
11.59.30 
12.00.00 

observatory 
12.00.00 
12.00.00 

observaiory 
12.00.00 

observatory 
12.00.00 
12.00.00 
11.58.30;; 

observatory 
12.00.00 

observatory 
12.00.52 

observatory 



cj U 



Time shown 

at time o( 
Earthquake. 



Yes 
Ye.v 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

No 

No 

No 

Yeb 

Yes 

Yeh 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

Ye- 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

No 

No 

Yes 

Yes 



4.28.50 
4.27.21 
4.30.00 
4 28.30 
6.42.00 
12.49.50 
12 47.00 
0.48.00 
2.56.00 
9.41.20 

94143 
2.18.00 

339-3" 
2.08.00 

2.07.42 

2.08.30 

2 08.35 
3.40.18 
3.39.08 
3.00.00 
3.00.27 
743.00 
3.08.00 

3 07.00 

3-07-43 

3-15-IO 
II. 41. 00 

11.43.00 

II. 41.41 

3.00.30 

5.45.00 

6 49.00 

1.49.00 

1.46.32 

2.25.00 

10.29.30 

10.27.22 

6.14.30 

6.15. 21 

1.52.25 

I-5945 

1.59-10 
1.56.30 

12.25.00 

0.26.41 

10.07.30 

10.10.02 



.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.111. 
.m. 
.tn. 
.in. 
.m. 
.in. 
.m. 
.m. 
.111. 
.m. 
.m. 
.m. 
.m. 
.111. 
.m. 
.m. 
.ni. 
.m. 
.ni. 
.m. 
.m. 
.111. 
.m. 
.m. 
.m. 
.m. 
.ni. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 
.m. 



Remarks. 
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Plaee. 



Yoleohama .. 

eiioslii 

Takasaki ... 
Utsunomiya. 
Sliirakawa... 

eiiiba 

Yokoliama . 

Tokio 

Utsunomiya. 
Ulsunomiya. 
Utsunomiya. 

Tokio 

Utsunomiya. 
Hakodate ... 

Ghiba 

Ghiba 

Hachioji 

Takasaki ... 
Shirakawa... 
Yokohama .. 
Utsunomiya. 

Tokio 

Ghiba 

Hakodate ... 
Hakodale ... 

Tokio 

Hachioji 

Chiba 

Tokio 

Yokoliama... 
Shirakawa ... 

Sapporo 

Hakodate ... 
Shirakawa ... 
Shirakawa ... 
Utsunomiya. 

Tokio 

Utsunomiya. 
Yokohama .. 

Chiba 

Odawara ... 

Tokio 

Shirakawa ... 
Hakodate ... 

Tokio 

Hakodate ... 
Odawara ... 



Date. 



1889 
i6il) June 
20th June 
20th June 
20lh June 
20ih June 
20lh Jane 
20tl» June 
20lh June 
30th June 

3rd July 
i8lh luiy 
l8i)rjuly 
191I1 July 
22nd July 
29111 July 
2nd Aug. 
2nd Aug. 
2«id Aug. 
2nd Aug. 
2nd Aug. 
2nd Aug. 
2nd Aug. 

5th Aug. 

5th Aug. 

5^'' Aug. 

5th Aug. 
26th Aug. 
26th Aug. 
26th Aug. 
26ih Aug. 

3rd Sept. 

7ih Sept. 

8th Sepl. 
loih Sept. 
ilth Sept. 
Iitli Sept. 
Ilth Sept. 
i6tli Sept. 
l6th Sept. 
i6ih Sept. 
l6lh Sept. 
l6tli Sept. 

6lh Oet. 

7lh Oet. 

7th Oet. 

8th Oet. 
I3th Oet. 



Time shown 

at time o£ 

Signal. 



12.00.00 
12.02.00 
11.59.00 
12.00.00 
12.01. 15 
11.58.00 
12.00.00 

observalory 

11.59.30 

12.00.00 

observatory 

11.59-30 
11.55.00 

II. 51. 00 

11.58.00 

12.01.20 

12.00.00 

12.00.00 

12.00.00 

12.00.00 

observatory 
11.52.00 
12.00.00 
12.00.00 

observalory 
12.00.05 
11.59.00 

observatory 
12.00.00 
12.00.00 
12.00.30 
Sunday 
12.00.00 
12.00.00 
12.00.00 

observalory 
12.00.00 
12.00.00 
12.00.00 
12.02.03 

observatory 
12.00.00 
12.00.00 

observatory 
12.00.00 






No 

Yes 

Yes 

No 

Yes 

Yes 

No 

No 

No 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

Yes 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 



Time shown 

Ht time of 
Earthquake. 



3.30.00 p.m. 

9.50.50 p.m. 

9.52.00 p.m. 

9.50.00 p.m. 

9.50.50 p.m. 

9.48.00 p.m. 

9.49.00 p.m. 

9.51. 10 p.m. 

i'05'30 p.m. 

5.40.00 p.m. 
10.32.00 p.m. 
10.33.18 p.m. 
11.46.15 p.m. 
11.52.00 p.mP 

1.59.00 a.m. 
10.20.00 a.m. 
10.21.00 a.m. 
10.21.00 a.m. 
10.21.00 a.m. 
10.21.00 a.m. 
10.20.00 a.m. 
10.21.06 a.m. 

7.30.30 a.m. 

7.35.00 a.m. 

7.37.00 a.m. 

7.34.56 a.m. 

3.23.00 p.m. 

3.26.00 p.m. 

3.27.13 p.m. 

3.28.02 p.m. 
7.21.00 p.m. 
1.43.00 a.m. 

1.46 to 1.49 a. 
7.08.40 p.m. 
7.40.00 p.m. 
7.13.30 p.m. 

7.14.03 p.m. 
6.38.30 a.m. 
6.38.00 a.m. 
6.39.00 a.m. 
6.39.30 a.m. 
6,37.30 a.m. 
8.49.50 p.m. 
7.41.00 p.m. 
7.41.18 p.m. 
7.12.40 p.m. 

10.53.00 p.m. 



Remarks. 



Sunday. 




A'^ 
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M. DE BALLORE^S CALCULATIONS ON 
EARTHQUAKE FREQUENCY. 



By C. G. Knott, D.Se, F.R.S.E. 

[Read Mareh ^th, 1890.] 

In the Archives des Seienees Phystgues et Naiurelies, 
Geneva (Tome XXn. 1889), is a short but comprehensive 
paper on earthquake frequency, by M. F. de Montessus de 
Ballore, Gapitaine d'Artillerie. It appears to be the Arst of a 
promised series, in whieh their author proposes to diseuss the 
eosmie and meteorologieal relations of earthquakes. As a 
first step to the study of this grand theme, he has eompiled 
from all aeoessible sourees a vast ehronologieal eatalogue, in 
whieh also the magnitudes of the earthquakes ehronieled and 
the times of their oeeurrenees are as fully as possible noted. 

In the paper ]ust published M. de Ballore has applied his 
very eomplete seismie statisties to two problems whieh have 
often been diseussed by other seismologists. These are the 
questions as to the existence of a periodieity during (i) a 
solar day and (2) a lunar day. In other words, do earth- 
quakes oeeur more frequently during the night than during 
the day orless frequently ? And do they oeeur more frequently 
nearer the times of lunar eulminations ? 

The idea that earthquakes happen often at night is one that 
is pretty general in earthquake eountries. Year after year it 
has been eustomary to diseuss the Japanese eatalogues with 
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speeial reference lo tbis questiou ; and the eonelusion to whieh 
Professor Milne has eome is that the apparent preponderanee 
of night over day earthqiiakes is really a personal equation of 
the observers, who are better able to appreeiate a moderate 
earthquake during the still night than during the noisy day. 
Instrumental reeords deelare no night maximum. 

M. de Ballore eomes to the sanie eonelusion. In five of 
the seven groups into whieh, for sound scientific reasons, he 
has divided the shaken regions, the numbers and curves alike 
show a night maximum and a day minimum. The grand 
mean for the first six groups, ineluding 37,511 earthquakes, 
shows that the ratio of the day to the night earthquakes is as 
8:10. By far the great majority of these earthquakes were not 
instrumentally reeorded ; so that the problem is really as mueh 
one of human sensitiveness to seismie infiuence as one of 
earthquake frequency. M. de Ballore eoneludes in fact that 
this ratio of 8 to 10 represents the relative loss of day earth- 
quakes eaused by the physiologieal eondilions of human 
activity. 

In group VII., whieh was excluded in the above grand 
mean, a distinet preponderanee of day earthquakes is shown. 
But group VII. eonsists of the Italian geodynamie stations, at 
whieh delieate seIf-recording seismographs are in use, working 
day and night. A large number of sraall tremors are 
registered, in whieh M. de Ballore thinks real seismie disturb- 
anees are mingled with motions due to human operations. 
Separating out the smallest disturbanees, those namtely of 
grade I. on the Rossi-Forel seale of intensities, we get a 
marked diminution in the apparent day preponderaney. 

Then, again, an instructive eorroboration of the eonelusion 
given above is obtained by a diseussion of the earthquakes in 
intensity groups. These are ten in number, aeeording the 
Rossi-Forel conventk)nal seale ; No I. being the small instru- 
mental ones just mentioned, and No X. being disasters. The 
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ralios 6f the day and night earthquakes for the diiTerent 
intensities are as folIows : — 

INTENSITY. I. II. III. IV. V. VI. VII. VIII. IX. X. 

Ratio of day 
to night r8... 73... -60.. .-67... -65. ..76. ..-81.. /85... 1-27... 1-02 

Thus we see at a glanee that it is for intensities III., IV., 
and V., that the night maximum is speeially obvious. Now 
these intensities are just the intensities that would be apt to be 
missed during the noisy day. The apparent day maximum 
for earthquakes of intensity I. has been already explained — 
these being all registered by delieate seismographs. In the 
higher intensities there is a tendeney to equality — ^]ust as we 
should expect, sinee emphatie earthquakes will be as evident 
during the day as during the night. 

So far, then, we have no evidence in support of the some- 
what prevalent notion that earthquakes love the darkness 
rather than the light. Statisties, rationally interpreted, leaeh 
that the frequency of earthquakes is independent of the daily 
solar eyele. 

Professor Perrey, of Dijon, was the first to diseuss earthquake 
frequency from, so to speak, a lunar standpoint. From his 
diseussion, he eoneluded that earthquakes were more frequent 
at new moon and full moon than at half moon ; more frequent 
at new moon than at full ; more frequent when the moon was 
in perigee than when in apogee ; more frequent at times of 
meridian passage of the moon than at other times. 

Sueh a eonelusion fitted well in with the geologieal ideas 
prevalent at the time Perrey made his ealeulations. The 
hypothesis of a fairly solid but thin erust resting on a fluid 
eentre within the earth was a very popular one. What more 
natural then than the traeing of subterranean disturbanees to 
tidal aetions of the sun and moon .? Sinee Perrey's time, no 
systemate attaek has been again made on the problem ; yet 
there has been a strongly growing disposition to diseredit the 
eonelusions dedueed by him. No diseussion ean be satis- 
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factory whieh is not based on a vast statistieal eatalogae. 
Perry's Gatalogue is now forty-five years old ; and in these 
forty-five years a mueh more thorough system of observation 
has been instituted. Indeed it is well within this interval that 
earthquake obsenratories have been established and organised. 
With so mueh more material to hand, a fresh investigation 
on Perrey's lines is well worth a venture. 

M. de Ballore has, in the seeond part of his paper, given the 
results of his ealeulations into the relation (if any) between 
earthquake frequency and lunar eulminations. His eon- 
elusion is wholly negative. Dividing the whole lunar day of 
24h. 5om. into eight parts, of whieh the middle of the first 
eorresponds to the time of the superior eulmination, he finds 
the folIowing grand total of earthquake distributions : — 

Eigiith. No. of Earthquakes; 

1 5»579- 

11 5,558. 

III 5,611. 

IV 5,508. 

V 5,802. 

VI 5,564. 

VII 5>57i. 

VIII 5,662. 

To base any eonelusion as to a periodieily in earlhquake 
frequency on sueh numbers would be impossible ; so that, so 
far as daily eyeles of lunar ehange are eoneerned, Perrey's 
views get no support from M. de Ballore's statisties. 

I may refer briefly to an argument bearing on this very 
point, whieh will be found in my paper on Earthquake Fre- 
quency. 

Whatever may be the internal eonstruetion of the earth, we 
know it to be, as a whole, extremely rigid. G. H. Darwin's 
ealeulations have proved the non-existence of any appreeiable 
tidal deformation of the earth under the influence of long period 
eyeles of lunar and solar aetion. Sueh short period eyeles as 
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are involved in the rotation of the earth eannot be*expected to 
have the same importanee under the dynamie eireumstanees 
of the problem. It would be a very surprlsing result indeed, 
if any appreeiable inerease in earthquake frequency should 
oeeur at the times of merdian passage of the sun or moon. 
Even if the moon had any sueh inAuenee, the effect would 
eertainly lag eonsiderably behind the cause.[lThe] ordinary 
tidal wave passes the meridian in open sea about 2 hours 
after the moon ; and any possible tidalj disturbanee in the 
earth would lag behind the moon to a^mueh greater extent. 
Even if we established a half daily (lunar) perlodieity in 
earthquake frequency, it would be impossible to refer it eer- 
tainly to any deiinite position of the moon. 

It is quite possible for earthquake frequency to^be affected 
by various lunar ehanges. By this I do not mean that the 
aetion of the moon might be a direet eause of earthquakes. 
But it might be an aeeelerating factor in its iniluenee on 
seismieally sensitive regions. Its differential tidal stresses 
might, so to speak, shake a region, already under seismie 
strain, into seismie activity. But we should hardly[credit short 
period eyeles with sueh powers. In long period tidal aetions, 
however, effects of the kind indieated may well show them- 
selves. We shall therefore await with great interest M. de 
Ballore's further researehes on earthquake frequency, and espe- 
eially those in whieh the lunation and apsidal eyeles are 
diseussed. 



THE KUMAMOTO EARTHQUAKE 0F JULY 

28TH, 1889. 



By N. Otsuka. 
(Imperial Meteorologieal Observatory, Tokio). 

[Read, May agth, 1890.] 

Although a general deseription of the great earthquake 
"whieh oeeurred in the provinces of Higo, Chikuzen, &c., on the 
28th September, 1889, together with reports on earthquakes of 
the past few years has appeared in the Government Gatetie 
(No. 1826) of the 3ist September, 1889, having received ad- 
ditional reports from the disturbed provinces, I have the 
honour to give the following aeeount of this eatastrophe. 

On the 28th July, 1889, at 11.40 p.m. a violent shoek was 
felt in the province of Higo, in the Kumamoto Prefccture. The 
seismie waves extended over the whole of Kyushu and 
tra^ersed as far as the western part of Shikoku, shaking an 
area of 6,520 square ri, ineluding the sea. Time, strength, 
direetion, and eharaeter of the shoeks felt in Kumamoto and 
other plaees are given in the following table : — 
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Table of Rbports from Seyeral Provincbs of thb 

KUMAMOTO EarTHQUAKB. 



Province. 



Gun («eounty). 



Higo 



Kumamolo 



Higo lAkuta-gori 



•••••• 



Yamamoto-gun.. 
KamimasuUi- 



g"" 

Sliimomasuki- 



Higo 

Higo 

Higo 

gun 

eiiikugo .•Mitsuma-gun 
eiiikugo .|Miike-gun 

Higo 'Kikuehi-gun 

Higo Aso gun 



••••••••■••< 



Yalsushiro-guii . 

Kuina-gun 

Ikuha-gun 

Minami takaki 



g>»n 

Kanzaki-gun 



Higo 

Higo 

eiiikugo 
Hizen 

Hizen .. 

Hizen ... Ojiro-gun 
Clukuzen. Goyernment 

house, Fuku 

oka ken 

Honami-gun 

Hida-gun 

Kusu gun 

Naoiri-gun 
Oiio-gun 
Oilanieleorolog 
eal station.... 
Bungo ... Kila-ama-gun . 
Bungo ... Minami-ama 



Chikuzen 
Bungo .. 
Bungo .. 
Bungo .. 
Bungo .. 
Bungo .. 



Buzen 
Buzen 
Bungo 
Bungo 

Bungo 



Satsuma.. 



••••••• 



gu" 

Miyako-gun 

Usa-gun 

Hayamigun 

Nishi-kunisaki 



• • • • « • i 



Higashi-kunisa 
kigun 



••••••• 



Idzumi-gun .... 



Time. 



p.ni. 
h. m. 8. 

1 1 .40.00 

11.3500 
11.40.00 

11.30.00 

11.30.00 
11.55.00 
11.40.00 
11.04.00 

11.3500 
11.40.00 

1 1 .00.00 

11.20.00 

11.40.00 
11.35.00 

11.13-24 

11.45.00 
11.45.00 
11.45.00 
11.42.00 
11.24.00 
11.45.00 

11.40.00 
11.30.00 

11.53.00 
11.43.00 
11.00.00 
11.45.00 

11.45.00 

11.30.00 

11.05.00 



Inten. 

bity. 



sevci t' 



sevcit 



severt 



sevcre 

severe 
stroiig 
stronp 
strong 
stronj^ 
stron^ 
stron^ 
strong 

strong 
stroiig 

strong 



slrong 
sti'ong 
strong 
strong 
stroiig 
btrong 

strong 
strong 

strong 
strong 
strong 
strong 

slrong 

strong 

strong 



Dtreetion. 



N.-S. 

.S.E.-N.W. 

E.-W. 



E.-W. 

S.E.-N.W. 
S.W-N.E. 
unknown. 

E.-W. 

N.-S. 
S.W.-N.E. 
S.E.-N.W. 

N.-S. 

N.-S. 
S.E.-N.W. 

E.-W. 



S.E.-N.W. 
S.E..N.W. 
S.E.-N.W. 
S.E. N.W. 

N.-S. 
E..W. 

S.W.-N.E. 
S. N. 

S.-N. 

E.-W. 
S.E. N.W. 
S.W.-N.E. 

S.W.-N.E 

S.W.-N.E. 

S.E.-N.W. 



Nature* 



Yerlieal & 
Hoi izontal 
Yerlieal & 
Horizontal 
Verlical & 
Hotizonlal 

Horizonlal 

Horizontal 
Horizonlal 
uiiknown 
Horizontal 
Horizontal 
Horizontal 
Vei tieal 
Hoi izonlaI 

Horizontal 
Yertieal & 
Hoiizontal 
Hoiizonlal 



HorizontaI 
Hoiizontal 
Horizontal 
Hoiizontal 
Hoiizonta] 
HQrizontal 

Horizonlal 
Horizontal 

Horizontal 
Yertieal 
Horizontal 
Horizontal 

• 

Horizonlal 

Yertieal & 
HorizontaI 
Horizonlal 
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Province. 


Gun (=Country). 


Time. 


Inten- 

sity. 


Direetion. 


Natiire. 


Hiuga ... 


Higashi-usuki- 
orun 


p.m. 
h. m. s. 

11.56.00 
11.45.00 


strong 
strong 


• 

E.-W. 

S.-N. 


Verlical 


Hiuga ... 


Nishi-usuki-gun 


HorizontaI 


Hiuga ... 
Hiuga ... 


K.oeu-e'un 


11.25.00 


strong 


S.-N. 


HorizontaI 


Higashi-Moro- 








gala-gun 


II. 40^00 


strong 


E.-W. 


HorizontaI 


Hiuga ... 


Miyasaki Meteo. 












station 


11.39.32 


strong 


S.W.-N.E. 


Horizontal 


Hiuga ... 


Kita-Morogata- 












gu" "' 


II •30.00 


strong 


S.E.-N.W. 


Vertical 


Satsuma . 


Satsuma-gun ... 


11.50.00 


slight 


unknown 


unknown 


Satsuma . 


Kagoshima 










- 


Meteo. station. 


11.43.20 


slight 


S.-N. 


Horizontal 


Salsuma . 


Kiite-guu 


11.40.00 


feeble 


unknown 


unkiiown 


Buzen ... 


Kiku-gun 


11.50.00 


slight 


S.E.-N.W. 


Vertical 


Chikuzen. 


Sliima-gun 


11.47.00 


slight 


E.-W. 


Horizontal 


Hizen ... 


Higashi Matsu 












ura-gun 


11.25.00 


slight 


S.E^-N^W. 


Horizontal 


Hizen ... 


Kita Matsuura- 












giJ" .; 


11.57.00 


slight 


S.W.-N^E. 


Horizontal 


Hizen ... 


Nagasaki Meleo. 












station 


11.45.00 


slight 


E.-W. 


HorizontaI 


Hizen ... 


Minami Matsu 




& A ^* ^ ■ M \m ■ * * %A • 




ura-gun 


II.OO.OO 


feeble 


unknown 


unknown 


Higo 


Amakusa-gun ... 


11.40.00 


slight 


S.E.-N.W. 


Horizontal 


Iki 


Iki-gun 


11.20.00 


slight 


S.-N. 


Horizontal 


Nagalo... 


Akamagaseki 


■k A ^^ • • m^^^ • • V •* • 




Meteo. station. 


11.45.00 


slight 


S.E.-N.W. 


Vertical 


Nagato... 


Otsu-gun 


11.37.30 


slight 


S.W.-N^E. 


Vertical 


Nagato... 


Abu-gun 


11.40.00 


slight 


S.W^-N.E. 


Horizontal 


Suwo 


Yamaguehi 


ii^38.oo 


slight 


E.-W. 


HorizontaI 


Suwo 


Kuga-gun , 


11.40.00 


feeble 


S.E^-N^W. 


Horizonta1 


Iwami ... 


Kano Ashi-gun.. 


11.46.00 


slight 


S.-N. 


Horizontal 


Iwami ... 


Mino-eun 


11.20.00 


feeble 


S^-N. 


Horizontal 


Aki 


^ ■ • " 

Hiroshima 


Vertical & 




Meteo. station. 


11.3940 


slight 


S.-N. 


Horizontal 


lyo 


Ochi-fifun 


11.30.00 
1 1 .40.00 
11.40.00 
11.50.00 


slight 
feeble 


S.-N^ 


Horizontal 


lyo 


lyo-erun 


^^ • fc • • 

E.-W. 


Horizontal 


lyo 


/ 

Higashi-uwa-guii 

Hata-gun 


slight 
slight 




& AV1 ■wWI VC»B 

iinlenown 


z< 

Tosa 


S.W.-N.E. 


HorizontaI 



Aeeording to the above table, we may classify the shoeks, 
felt at different plaees, as follows : — 

MosT ViOLENT Shocks.— Felt in the western part of Higo. 



D 
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YiOLENT Shocks. — Felt in the soathern part of Ghikugo ; 
northe(n, soulhern, and eastern parts of Higo. 

Strong Shogks. — Felt in the inost easterly and southerly 
parts of Higo ; eastern part of Hizen ; northern part of 
Ghikugo; northern part of Hiuga, Osumi, and Satsuma. 

Weak and Slight Shogks. — In all other distriets whieh 
were shaken. 

The area of disturbanee might also be subdivided as 

folIows : — 

Table of Arka of Disturbanges. 



Most Yiolent Part. 



Higo 



4 



Higo ... 
Ghikugo 
The sea. 



100 
5 



W 

Violent Part. 
N.E.S. 



loo square ri 



...... ••.•.. f 



g V 190 square rt 



Higo .... 
Ghikugo . 
Hizen .... 
Chikuzen 
£uzen .... 
Bnngo.... 
Hiuga.... 
Osumi . 
Satsuma . 
The sea 

Chikuzen 
Hizen .... 
Buzen .... 
Nagato . 
Suwo ..•. 
Iwami .. 

Aki 

lyo 

Tosa 

Hiuga 

Osumi .. 
Satsuma 

Iki 

The sea. 



8 

10 

B 

ru 



Strong Part. 
extreme E.S. 
N 



^ 



_±_ F 

To ^' • 

«- S E 

To ^' • 

Whole . 

_8_ M 
10 ^^* . 

1 o -^^ • • 

-^ N 

10 ^^' ' 



•►1,360 square rt 



Slight and Eeeble Part. 



i^ N.W. 



>o_ W 
10 '' • • 

10 '''' • • 
Whole ., 

Whole . 

-5- S W 

10 ''' • • 

w. . 

W. •. 

s 

s 

s 



8 
10 

4 

10 
'3 
10 

9 
10 

9 

Whole 



4,870 square ri 



Araount= 16 provinces and the sea= 6,520 square ri. 



OF JULY 28TH, 1889. 51 

In the classificationjust given we observe,that the area of weak 
and slight shoeks was largest, oeeupying about three-quarters 
of the entire area, or 4,870 square r/. Then eomes the area 
of strong shoeks, oeeupying about one-fifth of the whole area, 
or 1,360 square r/. The area of violent shoeks was only 190 
square r/, and that of the most violent shoeks did not exceed 
more than 100 square r/'. From this we see that the portion 
of land most violently shaken was very small. 

Within seven days and twelve hours, or from the time of the 
first shoek whieh oeeurred in Kumamoto on the 27th July at 
ii.40p.m.to 12 p.m.on the 5th August, ii^moreor less violent 
shoeks were felt and 86 roaring sounds were heard. The 
results of observations on the strength and the number of 
shoeks, and the number of roarings were as follows : — 

Table of frequency of Earthquakes in Kumamoto after 

THE YIOLENT EaRTHQUAKE, 20TH JULY TO ^TH AuGUST. 

Month and Date. Yiolent. Rather strong. Slight. Total. Noises. 

July 28 I (11.40P) ... — — I — 

Iuly29 — 23 14 37 33 

July3o — 5 10 15 12 

July3i — I 12 13 2 

Aug. I — I 6 7 4 

Aug. 2 — I — I 7 

Aug. 3 I (2.i8a) 3 18 22 13 

Aug. 4 -- 2 II 13 9 

Aug. 5 — — 5 5 6 

Tolal 2 36 76 114 86 

The very violent shoeks, as may be seen from the above 
table, oeeurred twiee during the whole eourse of the disturb- 
anees only; one on the 28th July at 11.40 p.m.; and the other 
on the 3rd August at 2.18 a.m., that is, at an interval of five 
days two hours and thirty minutes. The violent shoeks eom- 
meneed on ihe 29th. On this day, 23 shoeks were eounted, 
being more than on any other day. On the 30th, the number 
of shoeks grew less, only five shoeks being eounted ; on all 
other days shoeks oeeurred onee or twiee until the end of 
the disturbanees, on the 5th August, on whieh day no violent 
shoeks \yere felt. Slight shoeks were frequent after the 
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first day, for example i8 shoeks were felt on the ^rd Aagust, 
and 14 on the 29th Jaly. On all other days, the number of 
slight shoeks felt per day was between 5 and 12^ but none 
were observed on the 2nd August. 

Roarings began on the 291^, and the number eounted on 
that day was 33, on the ^rd August, 13, and on the ^oth 
July 12. The number of sounds varied from 2 to 9 on other 
days. 

We are afraid that the observation of shoeks, other than 
yiolent shoeks, on the first day was, on aeeount of the horror 
and confusion eaused by the sudden eatastrophe, somewhat 
inaeeurate. 

I will now give an aeeount of the effects of the most violent 
shoeks, whieh were felt in Kumamoto and its vicinity. (As 
has been stated in the former report, there is no seismologieal 
station in Kumamoto, so thal it is impossible to obtain any 
aeeurate information as to the strength of eaeh shoek. But in 
a ease like this, we may give general information as to inten- 
s'ity by observations on fallen houses ; the dimensions and 
nature of artleles toppled over; the dimensions and the diree- 
tion of fissures, and other important phenomena whieh pre- 
sented themselves. No reports on these matters have as yet 
arrived so that we are not able to ealeulate at present. 

In Kumamoto and other gun, various artieles on shelves 
and sideboards were overturned ; 200 houses were entirely 
destroyed, and 200 were badly wreeked. Even the walls of ihe 
eastle of Kumamoto, whieh have always been noted for their 
strength, were more or less damaged. Pissures were formed 
in many plaees and dykes were broken down. The number 
of persons who Ipst their lives was 20, and the number of 
wounded 74. 

The eity of Kumamoto, the S.W. portion of Akuta gun, and 
the S.E. portion of Tamana^ww, were the iheatre of the greatest 
devastation. In Takuma, Kamimasuki, Shimomasuki, and 
other gun the disturbanees were less violent. 
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The results of the devastation in Kumamoto and five gun 
are as follows : — 

Table of Deyastation in Higo Province. 

Gun (plaee,, g°|-«|. s?°tTe"d. KiUed. Wounded. ^'^^ Brid|S! 

Kiimamoto 31 17 3 5 6 — 

Akuda^KW 149 174 15 34 12 21 

Takiima gun 4 6 — ...... — — — 

Kami-Masuki ^M« . 14 ...... — — — — ...... — 

Sliimo-Masuki ^«M. 2 i — — i — 

Tamana gun — 2 2 35 — — 

Total 200 200 20 74 19 21 

The deseription of what oeeurred in distriets where the most 
violent shoeks were felt is as follows : — 

Kumamoto. — When the houses began to tremble most of 
the people were asleep, Being awakened by ihe sudden shoek, 
they fled into the street, where there was a frightful din of eries 
and groans, the only thought being how avoid the danger. 
The inhabitants, frightened by the eonlinuation of the oseil- 
lations, ereeted temporary shelters in the street. When 
about to return to their own houses, the oseillations having 
abated, ihe seeond great shoek eame. This was on the ^rd 
of August. It was a little less violent than the first, though 
in many plaees fissures were formed ; at this time a rumour 
spread that the origin of the shoeks was in or near Kumano- 
take, near a hill about tw.o ri from the eity. Tormented 
by anxiety, on the 4th of August most of the inhabitants sought 
rcfuge towardsthe east and south. On the next day, howeveT, 
the mental excitement was not so pronouneed. 

The water of three wells was diseoloured by the first shoek, 
one beeame ehalky, another opaque, and the third light brown. 

The damage to official buildings and enelosures was as 
folIows : — 

Kumamoto Pi*efectural Department. — The damage due to 
the shoeks during five days, from the 28th July to the 2nd 
August, was fortunately slight ; many walls were eraeked or 



54 OTSUKA : — THE KUMAMOTO EARTHQUAKE 

partly ruined ; the government gate, and a godown of the 
Kumamoto Poliee station were severely damaged. 

In the barraeks of the Sixlh Military Division 243 houses 
were damaged. Partially overturned or entirely destroyed 
walls were measured lo 725 ken. The stone walls inside Ihe 
eastle were eraeked and shattered in twenty-nine plaees. 

In the Kumamoto Distriet Gourt lintels fell and walls were 
eraeked; roofs were more or less damaged. 

Akuta Gun. — The vioIence of the earthquakes in Akuta gun 
was not mueh less than at Kumamoto. Six hundred and 
twelve fissures wereformed, the largest of them being 250 ken 
long and 3 ken wide ; ihe smallest 5 ken long and 3 ho wide. 
The direetion of them, however, was very irregular. The long- 
est one stretehed towards ihe S.E. Some of them emitted 
sand. Two eho and three ian of ricefields and cultivated land 
was depressed in some parts and elevated in others. Broken 
stone walls and banks whieh had given way were found in 
1,709 plaees. 

The number of houses and bridges whieh were deslroyed, 
and the number of killed and wounded, will be seen in ihe 
preeeding table. 

No aeeurate examination was made of alterations in the water 
of wells, &c. On and after 6 p.m. of the first day of disturbanee, 
near to the foot of Nishiyama it was observed that the water 
in fifteen wells rose above ils usual level ; the water in 
one well sank beneath its usual level. In other eighty-four 
wells the water beeame muddy in some and reddish in 

The equivalents of Japanese measures in this paper are as foIlow : — 

}apanese. English Feet. French Mitre. 

I Bu 0.00994 0.00303 

I Sun 0.09942 0-03030 

I Shaku 0.99421 0.30303 

I ]iyo 994212 303030 

I Ken 5-96527 1. 81818 

I Cho 357-916 109-01^1 

I \<\ 12.884.9 3.92727 

I Ho = I paee* 
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others. The hot spring at Funatsumura threw up a little 
golden sand during the eourse of the disturbanees and the spring 
water beeame more or less muddy. The disturbanee was 
mueh stronger at and near the foot of Nishiyama than in 
other distriets. Here everything, inehiding furniture in houses, 
was overturned ; dye water and waler in tanks was ihrown out 
toward Ihe S.E. The greater the distanee from Nishiyama the 
weaker was the disturbanee. Within the first twenty-four hours, 
37 shoeks and 33 roarings were eounted, but ihey gradually 
deereased in number unlil the ^rd August, on whieh day 21 
slight shoeks and thirteen roarings were eounted. After this 
ihe number of shoeks and noises for the sueeeeding several 
twenty-four hours was 5 or 6. 

Takuma Gun. — ^The disturbanee in this distriet was mueh 
less violent than in Akuta gtin, The damage to walls and 
fences was sh'ght, but in two villages on the river Shirakawa, a 
few houses fell and parts of the ground were eraeked. 

Tamana Gun. — The shoeks eame from the S.E. and were 
rather strong; 4 or 5 times sounds were heard followed by 
many shoeks. The inhabitants were frightened, and two beggars 
were buried under a temple whieh fell. The wall of the publie 
bath-house fell and some of ihe visitorswere slightly wounded. 
Pissures were formed in many plaees, their lenglhs varing from 
50 to 650 ken^ and their width from 5 sun 10 4 ho, The 
damage to walls, &c., of houses was chiefly on ihe north and 
south sides. 

Kamimasuki Gun, — The inhabitants and ihe eattle were 
quite safe. The length of fissures varied between 2 and 15 
ken, and their width from 3 to 5 ho ; the direetion was generally 
S.W. Here and there the dykes along the Midori-gawa were 
broken. A fissure in Akilsumura emitted reddish muddy 
water for a short time. The Yokonokawa beeame muddy 
after the first shoek. In the distiiets near Okawamura, water 
in jars overflowed, and in Ofunacho dye-water was spilt to- 
wards the S.E. After the first shoek, subterranean noises were 
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daily heard. The shoek at 2 a.tn. on the ^rd August was the 
strongest of the shoeks. The noises eontinually grew weaker 
after the 5lh August. In general, the disturbanees and the noises 
in this gun were mueh weaker than those felt in Kumamoto. 

Shimomasuki Gun. — The largest of the fissures on the 
broad embankment made for the use of both dykes and path, 
was 10 ken long and 10 sun wide. The ground broke away 
towards the E. We eould not measure iheir depth beeause when 
the shoeks had eeased the iissures elosed. One bridge fell. 

The eourse of the shoeks was sometimes very irregular, de- 
pending on the geologieal formation of the region it traversed; 
we therefore eannot give the exact direetion of eaeh disturb- 
anee. These are the direetions given in the report of the 
earthquakes by the Kumamoto Prefecture : — 

S. — N. in Kumamoto ; S.E, — N.W. in Akuta Gun, In the 
distriet near Kimpo-san E. — W. disturbanees appeared to pre- 
vail, beeause the fissures ran north and- south. S.E. — N.W. in 
the distriet N. of Kumamoto, and S.E. — N.W. in the distriet 
£. and S. of Kumamoto. The shoeks were severe and sudden. 
Soon after the terrible news reaehed the Gentral Meteorologieal 
Observatory, the authorities ordered Mr. Baba, who was in 
Nagasaki for the purpose of transaeting meteorologieal buslness, 
to visit Kumamoto and other distriets, and to make a full 
report, of whieh the folIowing is an extract : — 

" I reaehed Kumamoto at dawn on the 5th of August, and 
ealled on His Excellency the Governor and on the seeretary. 
They gave me a general aeeount of the disturbanee, and sup- 
plied me with many reports from the disturbed distriets. 
These reports, however, were without order and did not interest 
me mueh. On this aeeount, I proposed to get new reports 
from the distuibed distriets, on a plan whieh I designed with 
the kind assistanee of Mr. Wakabayashi, an oSieer of the pre- 
fecture. Leaving the trouble of eolleetion to Mr. Wakaba- 
yashi, I set out for the purpose of inspeetion. The ground in 
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many parts was fissured. These fissures looked like wheel 
ruts. Nearly all the walls was severely shaken, so that 
strong stone walls were shifted from position. Damaged 
houses, ejected stone bases, foundations toppling, inelined 
pillars and fences were innumerable. Their direetion was 
generally S.E. — N.W. After my arrival, I eounted more than 
ten slight shoeks of vertical motion, aeeompanied by noises, 
whieh were apparently travelling towards Kimpo-san. The agi- 
tation of the inhabitants inereased daily till by the 6lh of August, 
only one third of the 50,000 people remained in the eity. I left 
Kumamoto, taking a polieeman as my guide by the kind per- 
mission of ihe Poliee Force, to examine the effect of the shoeks 
in many disturbtd dislriets. Passing along Torikoye, Kawaioko, 
Suhara, and other steep paths, we found a long straight fissure 
on the small hill lying between Kimpo-san and Kumanotake. 
This fissure slretehes straightly toward N.W. and S.E. It is two 
hundred ken long, one ken wide in the widest part and ^v^ 
sun in the narrowest. This is the longest fissure made by the 
reeent earthquake. We returned to Kumamoto at 9 p.m., 
passing Node, Omoki, Hirayama, Matsuwo and Takahashi on 
the way. AU damage indieated the direetion of the shoeks 
to be N.W. and S.E. I eannot say eertainly whether the 
origin of the shoeks was in the vicinity of Kumanotake or not, 
beeause the inhabitants say that those who were in Kumamoto, 
heard the noise in the N.W. direetion (toward Kumanotake), 
and those who were on Kimpo-san, or the north or the west 
side of Kumanotake, heard also noises in the N.W. direetion.'' 
When Mr. Baba deseended from Kimpo-san, the following eon- 
versation took plaee between him !ind Governor Tomioka : — 

Governor — Is there any fear of the eruption of Nishiyama ? 
Frof. Kot6 stated that there would be danger if the distnrb- 
anee suddenly eeased. I would like to know your opinion, if 
you have formed one. 

Mr. Baba — It might be so, if the disturbanee were to sud- 
denly eease, as Prof. Kot6 said. But, I believe, Sir, there is 
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no fear of any more big earthquakes beeause the reeent earth- 
quake broke out with great vioIence and grows eontinually 
weaker. MoreoYer^ the nuinber of shoeks is deereasing. So 
I do not believe there is mueh danger, but, on the eontrary, 
that the disturbanees will sooner or later disappear. Gonsider 
the eruption of Bandai-san. There a very strong shoek was 
felt but it did not extend far. By this I judge that the area of 
disturbanee in time of a vo1canic eruption is not large but 
confined in a very small eirele, Gonsidering, now, the area of 
the present earthquake, it is said that it extended as far as 
Shikoku, and we may suppose that the earthquake was not 
eaused by the eruption of a volcano. I eannot take this earth- 
quake as the omen of future eruptions. I should say that there 
is fear neither of an eruption nor of an earthquake. 

DlSTRieTS 0F YlOLKNT DlSTURBANGK. 

In the northern part of the province of Higo, the number of 
fissures was forty-three ; ihe longest of them was in Yamamato 
gun, being 5 ken in length and of an average widlh of 5 bu, 
The direetion was N.E. — S.W. 

In Yamamoto gun, three fissures were formed, the di- 
mensions of the first being, length 50 ken^ widlh i sun, di- 
reetion N. and S.; of the seeond, length 20 ken width 3 ken, 
and of the third length 6 ken^ widlh i\ ken, The 2nd and 
3rd fissures ran N. and S. As to the depth of eaeh fissure, 
two were said to be i or 2 shaku, and the olher, ihe first to 
be 5 or 6 shakuy but we eannot g\VQ their depth wilh eertainty 
at present. 

In Kikuehi gun, only one fissure was made, slretehing N. 
and S. The dimensions were : length 60 ken, width from 2 
sun 5 bu to 5 bu» In this gun, after the first shoek whieh was 
the most violent of all, more than 20 slight shoeks were felt 
at intervals of from 5 minutes to 30 or 40 minutes, until 
6.30 a.m. of the 29th. Eaeh shoek was aeeompanled by a 
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noise. In these gun, 20 houses fell, and 10 were broken. 
The damage done was indeseribable, and Yamaka and Yama- 
moto gun were aSeeted rather severely. In Kikuehi and 
Goshi gun the disturbanee was slight. As to the direetion of 
the eraeks in house walls, ete, we eannot say exactly beeause 
they differ in old and new buildings and sizes. Furniture 
was generally thrown down towards the west. 

In and near Miike gun, S. of the province of Ghikugo, 
fissures were made. Their lengths varied between 5 ken 
and I ken, and they were so narrow as to hardly admit 
a finger, even at the widest point they did not exceed i 
sun. Fissures in ihe drained riee field emitted mud and sand. 
Two or three roughlybuilt houses inelined. In some houses, 
beams and lintels fell. The dye-water was thrown out a little 
from the tanks ; 200 ken of the breakwater was damaged. From 
the first shoek to the ^rd of August, two or three shoeks 
were eounted in every twenty-four hours. 

DiSTRiOTS 0F Strong Disturbange. 

The disturbanee in Manami Korai gun of the province 
of Hizen was the severest one that had oeeurred for 
many years. The rumbling noises from the mountain and the 
hills, and from the falling of houses were tremendous. Mayu- 
yama, whieh was partly ruined duringthe 4th year of Kwansei, 
was again ruined. The duration of the first disturbanee was 
about four minutes, followed by six slight shoeks before 
next morning, whieh disturbed the inhabitants, some of whom 
eould not remain in their houses. Then some more shoeks 
were felt, but they were so slight that people who were in the 
street did not feel them at all. The shoek felt on the ^rd 
August at 2 a.m. was rather strong, though not violent. Its 
direetion was the same as that of the 28th of July. 

In Mitsuma gun, to the north of Ghikugo, pendulum 
eloeks whieh were hanging on the western sides of the houSes 
stopped swinging. The stone lighthouse fell and the walls 
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were broken. From the first to ihe 291^ at 2 a.m. 13 slight 
shoeks were felt at intervals of 3 to 10 minutes, and between 6 
a.m. and 6.40 a.m. of the same day (29th), 3 slight shoeks 
were eounted. Thus the total number of shoeks was 16. 
No damage to any but old and disused houses. It is said 
that women and ehildren fainted at the first shoek. 

In Kamisaki gutit to the east of Hizen, noises were heard, 
and 5 slight shoeks were eounted by 6 a.m. on the 29th. 

In the middle part of the province of Chikuzen artides 
about the houses were almost all thrown down ; Iiquids were 
thrown out from vessels. Noises were heard. In the eastern 
part.of the same province 5 slight shoeks were eounted up to 6 
a.m. of the 291^. 

In the eastern part of the province of Buzen the oseillation of 
houses was strong and many people ran out. Liquids were 
thrown out from vessels. In the north-eastern part of the 
province of Bungo eloek pendulums stopped. The seismolo- 
gieal observations taken at the Oita Meteorologieal Station are 
as folIows : — 

Dale 11.40 p.m. July 281]), 1889. 

Duration 70» . 

Direetion S.S.W. to N.N.E. 

Hoiizontal molion (max.)....i2.4™°i' in 2«« 7. 
Ghaiaeter mild. 

The total number of shoeks was 74. The disturbanee be- 
gan in a S-E. to N.W. direetion. For the first ten seeonds the 
motion was quick and very slight, and 1 5 waves were eounted. 
Their direetions were mostly S.W. to N.W., S.E. to N.W., or 
E. to W. In the seeond ten seeonds the number of waves 
was 13, i.e, two waves less than ihe first ten seeonds. From 
the fifteenth seeond the disturbanee beeame remarkable ; the 
direetion was chiefly S.E. to N.W. or S.S.E. to N.N.W. In the 
third ten seeonds, 12 waves were eounted, being i wave less 
than the seeond ten seeonds. During seven seeonds from the 
twentieth seeond, the disturbanee was confused, and the 
direetion was S.S.E. to N.N.W. or S.E. to N.W. In the fourth 
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ten seeonds, ihe disturbanee beeame mueh milder, and 9 
waves were eounted. In ihe 33rd seeond ihe disturbanee 
reaehed its maximum, shaking 12-4 mm. in 23.7 with S.S.W. 
to N.N.E. direetion, as represented on the above table. In the 
fifthtenseconds,the disturbanee beeame very mild andonlyeight 
waves were eounted. The direetion was S.W. to N.E. or 
E. to W. In the 6th ten seeonds, the disturbanee grew feeble, 
and seven waves were eounted. The direotion was S.S.E. to 
N.N.W., S.E. to N.W., or S.W. to N.E. In the 7th or 
last ten seeonds, ten waves were eounted and they were a 
little stronger than the preeeding ten seeonds. At the 63rd 
seeond, a rather remarkable disturbanee appeared with S. to 
N., S.S.W. to N.N.E., or S.S.E. to N.N.W. direetion. As has 
been related, the earthquake grew eontinually milder after it 
reaehed the maximum. 

The report from the same meteorologieal station states that 
when the disturbanee began the inhabitants fled out of doors, 
aud a slight sound was heard at the same time ; that the pen- 
dulums of the eloeks whieh werehanging on the north and the 
south sides of houses stopped swinging. Liquid was east out 
from vessels iirst toward the north and afterwards toward the 
south. No ehange was observed at Tsurumi-lake or Kusumi- 
yama, active volcanoes on the border of Kumamoto, and they 
were then quieter than usual. (?) 

The results of observation, taken at the same Meteorologieal 
station from the 291^ July to the 5th August are as foIIow: — 

EARTHaUAKES FROM JULY 29TH TO AuGUST 5TH. 



Day. 


Time. 


Duration. 


Direetion. 


Inten- 
sity. 


Remarks. 


^ uly 29th 


I 33 43 a.ra. 


im 07S. 


S.S.W.-N.N.E. 


slight 


Max. Horizontal 


, uly 29th 


3 39 28 a.m. 


— 


— . 


feeble 


— C motion 

— C 2.2 mm. 


^ uly 29th 


8 04 14 a.m. 


— 


— 


feeble 


. uly 29th 


6p. — 12 ni. 


— 


— 


feeble 


— 


. uly 3oth 


5 48 18 a m. 


— 


— 


feeble 


— 


uly 3ist 


2 36 20 a.m. 


36S. 


S.W.-N.E. 


feeble 


— 


' uly 3ist 


7p. — I a m. 


im. 25S. 


S.S W.-N.N.E. 


feeble 


— . 


Aug*. ist 


7a. — 8 a.m. 


im. 22S. 


S.S.W. N.N.E, 


feeble 


— 


Augr. 3rd 


2 10 00 a.m. 


im. los. 


S.W.-N.E. 


slight 


Max. Horizontal 


Aug-. 5th 


7a. — 8.30 a. 


44S. 


S.S.W.-N.N.E. 


feeblc 


— C motion 

— \ 0.3 mm. 


Augr- 5th 


Qp. — 6th,6a 


27S. 


S.S.W.-N.N.E. 


feeble 
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In Aso gun, E. of the province of Higo, Aso-yama roared 
about ten days before the earthquake, and partieularly on 
the morning of the shoek, the noise was like distant thunder. 
The diseharge of smoke was thinner than usual. But these 
phenomena disappeared when the disturbanee eommeneed. 
In Yatsushiro gun of the same province, a noise in the sea 
was heard when the houses began to rattle. In Kuma gun of 
the same province, only one, and that a very slight shoek, was 
felt 30 minutes after the first shoek. 

In the extreme north-west part of the province of Satsuma, 
a rather strong earthquake was felt. 

The direetions in the distriet of strong disturbanees were 
very confused, but we may classify them follows : — 

In the Western part of the violent distriet, S. to N. 
In the Northern part of the vio1ent distriet, S. to N. or S.E. to N.W. 
In the Eastern p-irt of the yiolent distriet, E. to W. or S.W. to N.E. 
In the Southern part of the vio]ent distriet, N.W. to S.E. 

All had both vertical and horizontal motions. 

The District of Slightest Disturbance. 

The inhabitants were awakened by the shoek. Handles of 

drawers rattled, and there were slight noises. Two were 

eounted after the iirst shoek. The direetion of motion un- 
known. Nature, horizontal. 

Meteorology during the Earthquake. 
Temperature within Shaken Distriet. — Thermometer began 
to rise in the morning of the 28th July, and was higher than 
the day before. But its max. and min. were the same as on 
the previous day, and this eontinued to the end of the 29th. 

Weather. — On the 27th July, beautiful. On the 28th, 
eloudy during the morning, butbeeame line or elear. Gene- 
rally elear at time of disturbanee and eontinued so the next 
day. Pressure. — Slight variation sinee the previous morning, 
but not more than i milimetre. High in the south-east and 
low in the north-east. No remarkable ehange was observed 
the next day ^r the 291^. 



EARTHQUAKES FELT IN YOKOHAMA. 



By J. E. Pereira. 

[ReaJ May agth, 1889.] 

The first portion of the following list of disturbanees felt in 
Yokohama, namely from January 22nd, 1878, to Deeember 
3ist, 1881, was extracted some years ago from an Ameriean 
publieation by Professor J. Milne. This publieation having 
been lost I regret that I am neither able to glve its name or 
its author. The seeond portion of the list, namely from Mareh 
8th, 1885, toDeeember 3ist, 1889, is eompiled by observations 
made by myself. Although for the last two or three years I 
have had a small seismograph at my house, all the shoeks 
whieh have been reeorded have been distinetly felt, and were 
praetieally reeorded without its aid. Had I been provided 
with delieate and trustworthy instruments sueh as are used in 
Tokyo it is more than likely that many more disturbanees 
might have been noted, whieh is a fact not lo be overlooked 
when eomparing the number of earthquakes felt in Yokohama 
with the number reeorded in the eapital. 

Date. Numbbr. Timb. 

1878. 

Jan. 22 2shocks \llt^'!!^ 

Jan. 24 strong shoek 3.30 p.ni. 

Feb. 5 light shoek 3.27 p.m. 

Feb. II shoek 7.26 p.m. 

Feb. 17 3shocks..., — a.m. 
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Date. Numbkr. Timb. 

Feb. 19 light shoek 1.16 p.tn. 

Feb. 23 2 shoeks — a.m. 

Feb. 24 shoek 9.45 a.m. 

Feb. 25 strong shoek 10.24 p.m. 

Feb. 27 light shoek 0.26 a.m. 

Mar. 5 strong shoek 3.00 p.m. 

Mar. 6 light shoek 2.06 p.m. 

Mar. 7 light shoek 10.25 p.'m. 

April 9 light shoek 2.45 p.m. 

April 28 light shoek 4.05 p.m. 

May 10 light shoek 9.10 p.m. 

May 11 light shoek 7.14 a.m. 

une II strong shoek 0.15 p.m. 

une 17 strong shoek 5.20 a.m. 

une 22 shoek 12.00 noon. 

une 28 strong shoek 6.34 p.m. 

uly 5 light shoek 4.39 a.m. 

uly 10 shoek 0.46 a.m. 

uly 15 strong shoek 3.45 p.m. 

uly 20 light shoek 8.46 p.m. 

Sept. 30 light shoek 5.32 a.m. 

Oet. 8 light shoek 10.48 p.m. 

Oet. 9 strong shoek 1.20 p.m. 

Oet. 17 shoek 10.25 ^'^' 

Oet. 31 light shoek 10.15 p.m. 

Nov. 5 light shoek 0.57 p.m. 

Nov. 10 h'ght shoek 1.47 a.m. 

Nov. 22 strong shoek 11.12 p.m. 

Nov. 26 strong shoek 8.24 p.m. 

Nov. 27 light shoek 2.13 a.m. 

Dee. 14 strong shoek 10.37 a.m. 

Dee. 24 strong shoek 7.55 a.m. 

1879. 

an. 3 shoek 9.58 p.m. 

an. 21 shoek 3.40 a.m. 

an. 23 light shoek 1.45 a.m. 

an. 26 light shoek 4.00 p.m. 

an. 27 strong shoek — a.m. 

an. 28 light shoek i.oo a.m. 

Feb. 2 strong shoek 10.00 p.m. 

Feb. 4 shoek 10.00 p.m. 

Feb. 27 strong shoek 2.45 p.m. 

Mar. 4 strong shoek 4.44 p.m. 

Mar. 4 shoek , 7.00 p.m. 

Mar. 10 shoek 4-35 p.m. 
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Dati, Numbkr. Timb. 

Mar. 10 2 shoeks {^ ^^ ^and 

April 14 light Shoek , 9.20 a.m 

May 2 2shocks {l^^l^^^ 

May 20 shoek 11.28 p.m 

une 12 light shoek 9.24 a.m 

uly 18 2 shoeks 3-45 pni 

uly 24 shoek 8.15 p.m 

Aug. 6 strong shoek 8.27 p.m 

Aug. 28 light shoek 8.36 p.m 

Oet. 17 2shocks |'?° *!!f 

' ( 2.17 P'TO 

Oet. 18 strong shoek 1.52 p.m 

Oet. 25 light shoek 0.40 a.m 

Oet. 30 light shoek 9.44 a.m 

Nov. 15 2shocks \I1,I^'!^ 

Dee. 3 strong shoek 7.09 a.m 

1880; 

an. 6 ,....- light shoek 4.28 p.m 

an. 19 light shoek , i.oo a.m 

^'eb. 12 light shoek 9.00 p.m 

Feb. 22 strong shoek 5.03 a.m 

Feb. 25 light shoek 6.40 p.m 

Mar. 5 light shoek 4.40 p.m 

Mar. 21 hght shoek 4.39 a.m 

Mar. 29 shoek 5.25 p.m 

Mar. 31 light shoek 11.16 a.m 

April 14 strong shoek 4.10 a.m 

April25 light shoek 11.04 a.m 

April27 strong shoek 9.50 a.m 

May 14 light shoek 10.00 p.m 

May 23 h'ght shoek 2.30 p.m 

une 5 light shoek 5.12 p.m 

une 7 light shoek 9.50 p.m 

une 10 strong shoek 1.20 p.m 

uly 15 strong shoek 4.00 a.m 

uly 19 light shoek ii-55 a-ni 

uly 19 strong shoek 8.24 p.m 

uly 25 strong shoek 2.05 p.m 

Aug. 6 strong shoek 9.27 a.m 

Aug. 7 ....; light shoek 1.20 p.m 

Aug. 13 strong shoek 4.50 a.m 

Aug. 23 3 shoeks 4.26 a-.m 

E 



66 PEREiRA :— j:arthquakes felt in yokohama. 

DArB. NUMBBR. TlMC. 

Aug. 30 light shoek ii.i6p.m. 

Oet. 2 light shoek 3.11 p.m. 

Nov. 3 strong shoek 5.43 a.m. 

Nov. 10 strong shoek i.oo a.m. 

Nov. 12 strong shoek 6.30 p.m. 

Dee. 20 strong shoek 10.40 p.m. 

Dee. 23 strong shoek 10.57 p.m. 

Dee. 28 strong shoek 1.30 a.m. 

1881. 

an. 7 light shoek 6.24 a.m. 

an. 20 light shoek 0.15 a.m. 

an. 24 strong shoek 5.52 a.m. 

an. 24 shoek ;... 9.30 a.m. 

an. 27 light shoek 4.00 p.m. 

I^eb. 7 light shoek 4.00 p.m. 

Feb. 12 strong shoek 2.40 a.m. 

Feb. 12 light shoek 2.00 p.m. 

Feb. 28 strong shoek 3.14 p.m. 

Mar. 8 strong shoek 0.17 p.m. 

Mar. 14 light shoek 4.15 a.m. 

Mar. 15 light shoek 0.26 p.m. 

Mar. 16 light shoek 6.00 a.m. 

Mar. 16 light shoek 3.00 p.m. 

Mar. 17 light shoek 2.40 a.m. 

Mar. 17 strong shoek 4.50 a.m. 

Mar. 29 light shoek «. 11.20 p.m. 

Aprilii light shoek 10.00 a.m. 

April 18 strong shoek 8.00 a.m. 

April 26 shoek 8.27 p.m. 

May 3 light shoek 2.13 a.m. 

May 24 strong shoek 1.20 p.m. 

une 18 strong shoek 10.27 a.m. 

uly 20 light shoek ,., 3.30 p.m. 

uly 25 shoek n-SS P-in. 

Sept. 3 light shoek 10.30 a.m. 

Oet. 25 light shoek 9.25 p.m. 

Dee. 29 light shoek i.oo a.m. 

Dee. 31 2 shoeks 0.25 p.m. 
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Oc 






Date. 


Time. • 


Direetion. 


^§ 


High Tide. 


Remarks. 








QS 






i88^ 






1 




Mar. 8 


9.00 a.m. 




23 


10.13 a.m. 




Mar. 12 


i.oop.m. 


"■ '■ 


27 


2.40 p.m. 


Strong — 22 
seeonds. 


Mar. 15 


2.30 a.m. 


— 


30 


5.40 a.m. 




June 15 


1.40 a.m. 

• 


S.E.-N.W. 


4 


7.06 a.m. 


32 seeonds — 
Strong, 


Sept. 22 


2.30 a.m. 


— 


15 


4.27 a.m. 


— 


Sept.23 


5.00 a.m. 


— 


16 


5.06 a.m. 


— 


Sept.26 


12.04 p.m. 


— 


19 


7.03 p.m. 


Slrong. 


€ept. 28 


5.25 a.m. 


— 


21 


7.56 a.m. 


15 seeonds. 


Oet. 7 


— 


^m^^m 


2 


— 


— 


Oet. II 


5.30 a.m. 


— 


6 


7.i9a.m. 




Oet. 15 


8.35 p.m. 


M^M 


10 


10.09 p.m. 


About 12 
seeonds. 


Oet. 16 


7.00 a.m. 


— 


II 


10.36 a.m. 


Gale from 
north. 


Oet. 20 


i.ooa.m. 


— 


15 


2.50 a.m. 


— 


Oet. 26 


10.40 p.m. 




21 


7.i4p.m. 


About 20 
seeonds. 


Nov. 4 


1.51 a.m. 





30 


3.20 a.m. 


— 


Dee. 7 


i.oop.m. 





2 


6.20 p.m. 


— 


Dee. 19 


6.30 p.m. 


— 


14 


3.27 p.m. 


About 12 
seeonds. 


Dee. 28 


ro.o9p.m. 




23 


10.54 p.m. 


About 8 
seeonds. 


1886. 












Jan. 4 


8.35 a.m. 




29 


5.05 a.m. 


— 


Jan. 31 


7.2oa.m. 




27 


2.42 a.m. 


Lasted about 7 
seeonds. 


Feb. 19 


4.00 a.m. 





16 


5.54 a.m. 


— 


Feb. 24 


7.30 a.m. 





21 


9.32 a.m. 


Very strong. 


Feb. 25 


5.00 a.m. 




22 


lo.i^a.m. 


— 


Mar. I 


7.30 a.m. 




26 


2.ooa.m. 




Mar. 2 


5.ioa.m. 





27 


3.20 a.m. 


22 seeonds. 


Mar. 2 


2.30 p.m. 





27 


3 55P-m. 


— 


Mar. 13 


6.30 p.m. 




9 


10.39 p.m. 




Mar. 26 


6.00 a.m. 





22 


9.43 a.m. 


10 seeonds. 


Apr. 13 


5.45 a.m. 


■ 


II 


"~" 


15 seeonds — 
rainy. 


Apr. 29 


1.30 p.m. 


■ " ' 


27 


2.22 p.m. 


Northerly 
gale— eold. 


May 4 


5.ioa.m. 


— 


I 


5'4Sa.m. 


Rainy — north 
wind. 


May 8 


10.15 p.m. 


— — 


5 


8.41 p.m. 


2 shoeks — 25 
seeonds. 


May 16 


9.08 a.m. 





13 


4.05 a.m. 


— 


May 18 


8.00 p.m. 





15 


6.01 p.m. 


Rainy. 


May 22 


5.40 a.m. 





19 


8.18 a.m. 


Easterly gale. 
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- 




c 






Date. 


Time. 


Direetion. 


q2 


High Tide. 


Remarks. 


1886. 










, une 4 


7.00 a.m. 


— 


3 


6.39 a.m. 


Rainy. 


, une II 
] une 13 


i.ooa.m. 


— 


10 


— 


Rainy. 


6.20 a.m. 


— 


12 


2.37 a.m. 


Gale from 












s.w. 


, une 14 
' une 14 


6.20 p.m. 
6.50 p.m. 


^^" 


13 
13 


4.08 p.m. 
4.08 p.m. 


1 Rain. 


] uly 20 


4.45 p.m. 




19 


8.30 p.m. 


Light (Tnun- 
der). 


Sept. 20 


ii.ooa.m. 


— 


22 


9.32 a.m. 


Rainy. 


Sepl. 21 


8.30 a.m. 


— 


23 


10.17 a.m. 


eioudy. 


Oet. 22 


4.00 a.m. 


— 


26 


— 


Very liglit. 


Oet. 25 


10.00 p.m. 




29 


3-33 a.m. 


— 


Oet. 31 


3.00 a.m. 




5 


8.01 a.m. 


Nortlierly 

wind. 


Nov. I 


5.00 a.m. 


— 


6 


8.40 a.m. 


— 


Nov. 13 


4.00 p.m. 


— 


17 


6.42 p.m. 


Fine wealher. 


Nov. 15 


6.00 a.m. 


— 


19 


7.37 a.m. 


— 


Dee. 4 


2.00 p.m. 


— 


10 


II. 21 a.m. 


— — 


Dee. 26 


5.50 p.m. 


— 


2 


6.28 p.m. 


-^ 


Dec. 29 


ii.o5a.m. 


— 


5 


8.05 a.m. 


Fine wealher. 


Jan. 15 


6.55 p.m. 


N.E.-S.W. 


21 


9.55 p.m. 


Very strong, 22 


1887. 










seeonds. 


,an. 15 
. an. 15 


7.00 p.m. 


N.E.-S.W. 


21 


9 55P"T 


Light. 


8.00 p.m. 


N.E.-S.W. 


21 


9.55 p.m. 


Light. . 


^ an. 16 


10. ]8 p.m. 


N.E.S.W. 


22 


10.46 p.m. 


Light. 


an. 16 

1 


10.28 p.m. 


N.E.-S.W. 


22 


10.46 p.ni. 


Light. 


.an. 17 


5.00 p.m. 


^mmm 


23 


ii.43p.m. 


Light (Very 
eold). ' 


Jan. 23 


10.00 p.m. 


N.N.W.-S.S.E. 


30 


5.39 p.m. 


Light, raintng. 


Feb. 2 


SSSa»»!?- 


E.-W. 


10 


11.25 a.m. 


Light. 


Feb. 2 


2.30 p.ni. 


— 


10 


II. 253. m. 


Light. 


Feb. 5 


2.50 a.m. 


— 


13 


2.21 a.m. 


Light (Frfiez. 

« 

1 • « «V 


Feb. 26 


4.00 a.m. 


S.W..N.E. 


5 


7.53 a.m. 


n)g. 
Light. 


Mar. 2 


5.20 p.m. 


S.-N. 


9 


10.20 p.m. 


Light. 


Mar. 10 


1.30 p.m. 




16 


6.17 p.m. 


Light. 


Mar. 20 


ii.^Sp.m. 


-~~ 


27 


2.28 a.m. 


Light. (Fine 
wealher). 


Mar. 21 


8.26 a.m. 


— 


28 


3.34 a.m. 


Light. 


^ une 28 
, une 29 


11.00 p.m. 


— 


8 


11.08 p.m. 


— 


2.ooa.m. 


— 


9 


— 


eiose wealher. 


: une 30 


8.05 a.m. 


— 


10 


— 


Raining. 


, uly 2 
] uly 22 


3.00 p.m. 




12 


2.57 p.m. 


Very rainy. 


8.22 p.m. 


E.S.E.-W.N.W. 


4 


6.51 p.m. 


10 seeonds, 












slrong. 


Sept. 2 


5.48 p.m. 


N.-S. 


15 


6.03 p.m. 


c» 


Sept. 5 


3.22 p.m. 


N.E.-S.W. 


18 


7.38 p.m. 


30 seeonds, 
stroiig. 
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Date. 


Time, 


Direetion. 


Day of 
Moon. 


High Tide. 


Remarks. 


1886. 










Sept. 6 


S.ioa.m. 


— 


19 


7.55 a.m. 


Lighi. 


Sept. 25 


8.55 a.m. 




9 


ii.lSa.m. 


Fine weather. 


Dee. 16 


8.30 a.m. 


— 


3 


6.22 a.m. 


10 seeonds. 


Dee. 17 

1888 


ii.^op.m. 




4 


7.31 p.m. 


8 seeonds. 


lOOO. 

Feb. 2 


1.06 a.m. 


E.-W. 


21 


8.42 a.m. 


8seconds (very 
eoldweather. 


Feb. 5 


12.53 a.m. 




24 


11.27 P''"' 


Northerlygale. 


Feb. 10 


3.34 p.m. 


— 


30 


4-55 P-m. 


. — 


Feb. 10 


6.32 p.m. 


— 


30 


4-55 P-m. 


— 


Mar. I 


10.30 p.m. 


" 


20 


8.02 p.m. 


Very light 
(rainy). 


Mar. 9 


4 58a.m. 


N.W.S.E. 


28 


3.04 a.m. 


Very light 
(rain). 


Mar. 16 


6.00 a.m. 


E.-W. 


5 


8.ooa.m. 




Mar. 16 


y.ooa.m. 


N.W.-S.E. 


5 


8.00 a.m. 


— 


Mar. 17 


8 oop.m. 


W.-E. 


6 


8.46 p.m. 


Light. 


Apr. 6 


2.30 p.m. 


N.E.-S.W. 


26 


2.03 p.m. 


Light. 


Apr. 29 


10.03 a.m. 


E.-W.? 


19 


7.38 a.m. 


25 seeonds, 


May 13 


4.55 a.m. 


E.-W. 


3 


7.03 a.m. 


6 or 7 seeonds. 


May 22 


6.30 a.m. 


N.-S. 


12 


2.09 a.m. 


22 seeonds ? 


May 24 


9.45 a.m. 


N.-S. 


14 


4.09 a.m. 


— 


May 24 


10.55 a.m. 


N.-S. 


14 


4.09 a.m. 


— 


May 27 


a.m. 


N.-S. 


17 


6.33 a.m. 


eioudy. 


June 3 


7.55 a.m. 


N.E.-S.W. 


24 


noon 


Long shoeks. 


June 12 


9.00 p.m. 


E.S.E..W.N.W. 


4 


7-33 P-'n- 


Vertical move- 
ment, lighl. 


June 18 


2.24 p.m. 


N.-S. 


10 


noon 


Long (rainy.) 


June 19 


6.30 a.m. 


N.N.W.-S.S.E. 


II 


0.23 a.m. 


— 


June 24 


11.05 p.m. 


E.-W. 


16 


5-57 P-m. 


Very light. 


July 2 


4.55 a.m. 


N.W.S.E. 


24 


midnighl 


— 


, uly 12 


1.30 a.m. 


N.-S. 


4 


7.37 a.m. 


Intense heat. 


' ^ug. I 


9.30 p.m. 


N.E.-S.W. 


24 


midniglit 


S.W. gale. 


Sept. 5 


a.m. 


N.W.-S.E. 


30 


5.00 a.m. 


— 


Sept. II 


8.35 a.m 


N.-S. 


6 


9 01 a.m. 


Explosion (un- 


Sept.18 








• 


derground). 




2.45 a.m. 


N.N.W.S.S.E. 


13 


4.17 a.m. 


— 


Sept.28 


7.i5a.m. 


— 


23 


10.153. m. 




Oet. 9 


12.55 a.m. 


E.-W. 




7.57 a.m. 


""" 


Oet. 20 


6.23 a.m. 


N.W.-S.E. 


16 


5.57 a.m. 


Raining. 


Nov. 2 


2.00 p.m. 


N.W.-S.E. 


30 


4.21 p.m. 


Light. 


Nov. 2 


10.00 p.m. 


— 


30 


4.21 p.m. 


Light. 


Nov. 3 


12.48 a.m. 


N.W.-S.E. 


I 


4.43 a.m. 


About 10 se- 
eonds. 


Nov. 3 


8. II a.m. 


N.W.-S.E. 


I 


4.43 a.m. 


About 12 se- 
eonds. 


Nov. 10 


1.45 p.m. 


N.W.-S.E. 


8 


10.04 a.m. 




Nov. 24 


2.00 a.m. 


W.N.W.-E.S.E. 


22 


8.45 a.m. 


— 
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«M . 1 




Date. 


Time, 


Direetion. 


qS 


High Tide. 


Remarks. 


1888. 












Nov. 24 


2.05 a.m. 


W.N.W.-E.S.E. 


22 


8.45 a.m. 




Dee. 3|i2.3op.m. 


W.N.W..E.S.E. 


I 


5.21 p.m. 


— 


1889. 












Jan. I 


3.00 p.m. 


N.-S. 


I 


4.44 p.m. 


eioudy wea- 
tlier. 


Jan. 1 


7.i5p.m. 


N.W.-S.E. 


I 


4.44 p.m. 


eiondy wea- 

ther. 
eioudy wea- 


Jan. 3 


8.00 a.m. 


N.E.-S.W. 


3 


6.03 a.ni. 












ther. 


Feb. 18 


6.09 a.m. 


S.W.-N.E. 


19 


7.06 a.m. 


Very strong— 

30 see'ds; beau- 

tifiil weather. 


Feb. 19 


3.10 a.m. 


— 


20 


7.41 a.ni. 


Light weather. 


Feb. 21 


5 57 a'*"- 


— 


22 


8.58 a.m. 


Light weather. 


Mar. 4 


7.08 a.m. 


N.W.S.E. 


4 


7.06 a.m. 


Two light 
shoeks. 


Mar. 28 


1.50 a.m. 


S.E.-N.W. 


28 


2.46 a.m. 


.S.-west wind. 


Mar. 28 


7.23 p.m. 


N.-S. 


28 


3.24 p.m. 


Very light. 


Mar. 31 


6.45 a.m. 


- - - - • 


1 


5.30 a.m. 


Raining. 


Apr. 3 


4.26 p.m. 


N.-S. 


4 


7.28 p.m. 


— [(rain). 


Apr. 6 


6.45 a.m. 


— 


7 


8 45a.m. 


Very light 


Apr. 18 


10.30 a.m. 


S.S.E..N.N.W. 


19 


6.53 a.m. 


— 


Apr. 18 


3.30 p.m. 


S.S.E..N.N.W. 


19 


7.13 p.m. 


— 


Apr. 19 


1.30 a.m. 


— 


20 


7.34 a.m. 


Raining. 


Apr. 28 


4.00 a.m. 


— 


29 


4.22 a.m. 


Light. 


May 8 


5.15 a.m. 




9 


10.27 a.ni. 


Light. 


May 12 


10.35 a.m. 


S.E.-N.W. 


13 


2.08 p.m. 


— 


May 30 


10.30 p.m. 




2 


6.04 p.m. 


Very light. 


/une 14 


3.05 a.m. 


S.E.N.W. 


17 


5.24 a.m. 


Very light. 


] une 16 


2.30 p.m. 


N.E..S.W. 


19 


7.29 p.m. 


— 


une 20 

< 


9.53 p.m. 


S.E.N.W. 


23 


ii.03p.m. 


— 


, u'y 3 


5.38 p.m. 


N.-S. 


6 


8.41 p.m. 


— [eonds. 


/uly 18 


10.30 p.m. 


S.E.N.W. 


21 


9.41 p.m. 


About 20 se- 


\ lug. 2 


10.20 a.m. 


S.E.N.W. 


6 


8.04 a.m. 


Vertical. 


Aug. 5 


7.37 a.m. 


N.E.-S.W. 


9 


10.51 a.m. 


Long (i min.) 


Sepi.i6 


6.45 a.m. 


N.E.-S.W. 


22 


9.23 a.m. 


— 


Oet. 10 


6.50 a.m. 


— 


16 


6.01 a.m. 


Lighi. 


Oet. 13 


10.55 p.m. 


E.-W. 


19 


7.58 p.m. 




Oet. 14 


11.20 p.m. 


— 


20 


8.30 p.m. 


Very light. 


Oet. 28 


2.15 a.m. 


N.S. 


5 


7.28 a.m. 


Verlical. 


Oet. 31 


7.05 a.m. 


S.E.-N.W. 


b 9.52 a.m. 




Nov. 29 


8.45 a.m. 




7 9.50 a.m. 


Very light. 


Nov. 29 


9.15 p.m. 


— 


7 10.20 p.m. 


Very lighl. 


Dee. 17 


6.00 a.m. 


— 


25 ii.o6a.m. 


Very light. 


Dee. 28 


7-55 P.'"- 


E.N.E.-W.S.W. 


7 io.o6p.m. 


— 


Dee. 28 


10.30 p.m. 


N.-S. 


7 io.o6p.m. 


— 


Dee. 31 


i.iop.m. 


E.-W. 


10 


0.32 p.m.' 


Very long 



(about 2 mins.) 
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The total number of earthquakes in theforegoing list is 285, 
of whieh 189 were also reeorded in Tokio. There were, there- 
fore 96 disturbanees, or about 33 per eent. of the whole, whieh, 
80 far as Tokio is eoneerned, were peeuliar to Yokohama. 

The number of earthquakes for the years 1 886-1 889, ae-» 
eording to the above list is one hundred and thirty-six, divided 
as follows: — 

Shoeks. Shoeks. 



In 1886 34 

In 1887 26 



In 1888 38 

In 1889 38 



In January 12 

In Pebruary 14 

In Mareh 18 

In April lo 

In May ,..., 13 

In June 16 



Total 136 

These shoeks were distributed among the twelve months 
of the year in the following proportion : — 

Shoeks. Shoeks. 

In July 7 

In August 3 

In September 11 

In Oetober 10 

In November 12 

In Deeember 10 

Total...... 136 

Shoeks. 

During the ist quarter of ihe moon 37 

During the 2nd quarter of the moon 31 

During the ^rd quarter of the moon 38 

During the 4th quarter of the moon 30 

Total 136 

Dividing the day in two parts, one from midnight to 
midday, and the other from noon to midnight: — 

78 earthquakes oeeurred between midnight and noon. 
58 earthquakes oeeurred between noon and midnight. 



136 

(Mostly oeeurred between 3 and 9 a.m.) 

The last 136 earthquakes are distributed among the days of 
the moon as follows : — 

Date o£ Moon. Number of Days of eaeh date. Number Gf Shoeks. 

1 5 days 7 

2 2 days 2 

3 4 days 4 
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Date of Moon. 
4 



5 
6 

7 
8 

9 

lO 

II 

12 
14 

15 
i6 

17 

i8 

19 

20 
21 
22 

24 

25 
26 

27 

28 

29 

30 



Number of Days of eaeh date. 

6 days 

7 days 

5 days 



Namber of Shoeks. 

6 



3 

3 
6 

6 

2 

3 

5 
i 

2 



days 
days 
days 
days 
days 
days 
days 
day 
days 
5 days 

3 
I 

9 
4 
4 
7 
4 

4 
I 

3 
3 
3 
3 
4 



days 

day 

days 

days 

days 

days 

days 

days 

day 

days 

days 

days 

days 

days 



8 

. 5 

5 

3 
. 6 

7 
2 

3 

6 

2 

2 

5 

3 
I 

10 

4 

6 
9 

4 

5 

I 

3 

4 

4 

3 

6 



Total 136 

The direetion of 68 earthquakes observed during 1886-1889 
were the folIo\ving : — 



N.E.-S.W. = 16"^ 

N.N.W.-S.S.E. = 4 

E.-W. = 10 

N.-S. = 15 

E.S.E.-W.N.W.= 5 

N.W.-S.E. == 18 



Therefore shoeks eame 
most frequently from 
S.E. and S.W. and oc- 
""eurred as a rule within 2 
hours before or after high 
tide. 



EARTHQUAKE ORIGIN. 



By W. G. PoRSTER, Zante, Greeee. 

[Read May agth, 1890.] 

Subsequent to the publieation of my paper pn this subject, 
in 1887, in whieh it was intended to convey an absolutely pos- 
sible eonArmation by the aid of submarine eables, -of my 
theory that seismie disturbanees are mainly due, in a direet 
sense, or result from, geologieal evolution or subsidenees ; 
many instanees have oeeurred whieh tend to aeeentuate the 
the importanee of eontinuing this line of researeh. Of eourse 
I do not refer to eases where the eessation of telegraphie 
eommunieation has been eaused by the interruption of eables 
laying aeross purely active volcanic regions, sueh for instanee 
as those between Java and Australia in 1888 and in the neigh- 
bourhood of the Lipari Islands, where the new erater volcano 
sprang into existence last year, beeause we had the oeular 
proof that heat — water at very high temperature — had melted 
the gutta pereha, destroying the eable's insulation and in eonse- 
quence the eommunieation. But I refer rather to those eases 
where the rupture was eaused by a purely meehanieal force, 
and to eables whieh lay aeross known earthquake eentres and 
in purely non-volcanic regions. It is very neeessary, however, 
to thoroughly recognize the distinetion between earthquake 
shoeks resulting from volcanic aetion, or preeeding an immi- 
nent eruption, and those whieh arise from an unknown eause. 
In dealing with Japan the question does not admit pl diseus- 
sion, as there is no doubt about the origin of earthquakes in 
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that eounlry, but in Europe, chiefly in and near the Mediter- 
ranean, in eertain parts of Ameriea, and along the westem 
eoast of Africa, quite 95 pereent. of the earthquakes are eaused 
by geologieal disturbanees, and invariab1y on the seaboard, 
sueh geologieal disturbanees eonsisting of subsidenees, silt 
and roek deposits, landslips resulting from erosion by under 
eurrents and many other meehanieal forces whieh are eontinu- 
ally being deveIoped on the assumed bottom of the sea. 

Unfortunately we have all been edueated to believei more 
or less, in one or the other of the persua8ive, but by no means 
assured, theories of the origin of our planet, and the Laplaeian 
one seems to have taken the strongest hold upon our minds ; 
so that whenever we have some startling reminder of the 
klnetie eondition of the earth we are apt to set it down imme- 
diately to voIcanic aetion and trouble ourseWes no more about 
the matter, whilst we are eonstantly hearing every peak on a 
mountain range or every isolated eonieal hill deseribed as of 
voIcanic formation or so many extinct voIcanoes forgetting, or 
ignorant of, the great truths their very history reveals, of denu- 
dation and degradation, those two immense and destructive 
agents at work upon the " earth above the water." The age of 
our planet is comparativeIy a seeondary eonsideration (always 
assuming of eourse that at the lowest eomputation a million. 
years have elapsed sinee it began to revoIve in its orbit round 
the sun) and whether it was originally a molten plastie mass 
left gradually to eool, or whether it was a pliable sphere entire- 
ly covered by water, or the result of the sun's aetion on organie 
gases ready and waitingfor deeomposition, is aIsoof seeondary 
importanee. AII we do know, beeause it is self evident, is, that 
those barren peaks and roeky hill ranges whieh now cover so 
large a portion of the earth's surface were onee covered with 
deposits of the riehest soil and elothed in Iuxuriant verdure, 
or plant growths, as wonderfuIIy proIific as the eonstant tepid 
atmosphere, then existent, naturally assisted in deveIoping. 
That the waters originally covered our planet, or rather that 
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ihe nebulous mist of gases, whieh by the aetion of light were 
deeomposed into their proportionate parts of liquids and solids 
and eoneentrated by the inexorable law of gravitation, is an 
undeniable fact, as is also that of the general and universal law 
of the reeeding of the waters, and it is reasonable to assume 
that a very long period elapsed, after our planet's ereation, 
before it began to revolve in its orbit round the sun or before 
the dry land appeared suOieiently high enough to ereate 
atmospherieal disturbanees and mark the eommeneement 
of destruetion. Direetly, however, Ihis epoeh was established, 
denudation and degradation set in, the former being the re- 
sult of purely natural eauses, moving waters and tempests of 
wind and rain, whilst degradation resulted from natural inertia, 
seIf-gravitation, and the inherent settling down of detaehed 
bodies. Of eourse we do not positiveIy know this, but the 
most self evident proofs that this proeess has ever been, and 
still is, going on, exist under our very eyes. The most fertile 
sppts in the world are invariably those around the bases of 
barren hills or where the torrent has piled up the denuded 
soil detaehed in its eourse of trituration along the mountain 
bed, and we know also that the soil inereases in riehness the 
further we reeede from the poles, both facts still further de- 
monstrating the truth of the universal law of gravitation. 

Of the solid and semi-solid masses still under water, very 
mueh is known from soundings, but their eondition has not 
been suASeiently eonsidered when proseeuting seismieal re- 
seareh. That they bear an inverse appearanee to the mount- 
ains and hills on dry land is very evident ; and table-landS, 
marginal shelves, and mushroom shaped formations are gene- 
rally to be found in those seas where geologieal evoIution is 
still going on, and in consequent *' earthquake regions." Im- 
mense deposits of silt and elay are earried down into the sea, 
and when onee these reaeh a depth of comparative quiescence, 
very often form IhemseWes into immense banks, overhanging 
tottering, preeipitous roeks whieh periodieally slip away and 
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eause so large a number of earthquake shoeks. To this must 
be added the erosive ef!ect8 of bottom eurrents, whieh are 
peeuliar to earthquake regions, eating away the submerged 
mounlain ranges at their bases, and the cavernous hoUows ihat 
mineral and other streams form, still further redueing the .stabi- 
lity of the sea's bottom, whieh only eeases to evolve when perfect 
equilibrium is established. 

It is a strikingly remarkable fact that non-volcanic earth- 
quakes are only frequent in those parts of the world where the 
neighbouring seas show a great inequality of bottom. Northern 
regions, and those within eertain latitudes are entirely exempt 
from these visitations, allhough there is direet evidence that 
they were sufficiently frequent in bygone times, and materially 
assisted in produeing the even bottoms now found there. 
Starting from Porlugal towards the west eoast of Africa, and 
extending right away out to the Azores, the soundings along 
the bottom show a most wonderful irregularity. 

It is no uneommon thing to find a bank of a few hundred 
fathoms, and immediately afterwards a depth of between two 
and three thousand — and until quite reeently the whole of that 
seaboard was subject to seismie disturbanees — Lisbon, a eity 
built on silt and formed soil was entirely destroyed when the 
bank above an unequal bottom was no longer able to support 
the alluvium thereon deposited. The Azores were in a ehronie 
state of earthquake as well as Senegal and the Cape Goast 
settlements for many eenturies, and the reason for this was a 
purely geologieal one,and the movement onlyeeased when evolu- 
tion had been aeeomplished. Goming into the Mediterranean 
we are met by the same irrefutable facts. The alluvium de- 
posits on whieh Messina was originally built were aeted on by 
those tremendous eurrents whieh sweep through the straits 
and whieh terminate at Seilla and Gariddi, those wonderful 
Katabothra whieh are never inactive. Similar inequalities of 
bottom in ihe neighbouring vicinities of towns built on allu- 
vium deposits are to be found all along the eoasts of Spain, J 
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France, and Italy ; and whenever earthquake shoeks have taken 
plaee on that seaboard direet evidence has been forthcoming 
to show that they origihated in the sea. There is another 
very important fact whieh we must speeially eonsider, and that 
is that all those islands and eoast lines whieh are surrounded 
by or have before them a shallow bank of mud, elay, or other 
silt, and very deep water immediately beyond, are the very ones 
on whieh seismie disturbanees are more frequent. The islands 
of Ghios, Lesbos, Rhodes, Grete, and many others in the 
Turkish Arehipelago are all surrounded by similar banks and 
very deep water immediately outside ; and are all equally subject 
to more or less destructive earthquakes, whilst other islands in 
the same group whieh seem more solidly eonneeted, enjoy 
absolute immunity from them. In Greeee, notably in the 
Gulf of Areadia, the whole eoast line for some two miles 
out to sea has a shallow average depth of only 50 fathoms, 
but 300 and more are found just outside this distanee, 
and not a gradual slope but a most preeipitous one, and 
to this a little farther out sueeeeds another having a mean 
depth of 1,600 fathoms, and thus thisgulf eontinues to rank as 
one of the most actlve eentres of seismie disturbanee in the 
whole of Europe. In the Filiatra shoek of 1886, whieh entirely 
destroyed that town, we found by our broken eable, 30 miles 
away, that a depth of 900 fathoms existed where 700 previously 
was and some four knots of eable were covered over by the 
landslip. That this eaused the shoek was quite evident, and 
the sea wave eaused by the displaeement and the vibrative 
waves of meehanieal force were distinetly felt by two English 
steamers passing over the spot at that moment. Zante, 
Gephalonia more espeeially, and Santa Maura all sufEer from 
destructive shoeks at eertain stated periods, and they are all 
surrounded by banks of silt with very deep water beyond. OfE 
Ortholethia on the western side of Gephalonia, a sudden depth 
of 400 fathoms is found within a mile of the shore, and a 
short way out we onee f6und no depth at 1,400 fathoms. 
Gephalonia was destroyed in 1867 before there were any 
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eables running over that ground, but the soundings were all 
found different after the shoek from those taken by the Ad- 
miralty a few years before, and this alone would be sufficient 
proof to show where the eentre of it was. • 

In my paper, published in 1887, I drew attention to these 
points in extenso, and more espeeially to the eondition of 
the Gulf of Gorinth as eonstituting one of the most proIific 
eentres of seismie disturbanees in the Levant, and although 
in 1861, when the town and neighbouring villages of Vostizza 
were entirely destroyed by the great earthquake of that year, 
there were no submarine eables running along the bottom of 
the gulf to show the exact spot where the shoek oeeurred, the 
evidence of subsidenee in the sea, as shown by the elear water 
far away out beeoming suddenly both agitated and muddy, 
very concIusively demonstrated that a vast quantity of 
matter had been overturned. That the Gulf of Gorinth 
is one of the most remarkable evidences of geologieal sub- 
sidenee, and the inherent denudation and degradation of 
the eoast surrounding it the world ean afford, is generally 
admitted by even the most easual observer. Originally it 
was in all probability a vast, shallow lagoon, preeisely 
similar to many others all over Greeee, beeoming at onee 
by some tremendous subsidenee and the consequent irruption 
of the sea at the narrows of Rio and Antirio, a part of the 
Gulf of Patras and the Mediterranean ; and an old sea level, 
inside the gulf, ean be most distinetly traeed at a height of 
80 feet above the present one whieh shows that as the basin 
of the gulf deepened the water reeeded. The whole of the 
northern shore from one end to the other of the gulf is arid, 
bare, and preeipitously steep, and with Helieon and Paenassus, 
with the strange gloom of Delphi's Mystery surrounding 
all, eonstitutes a marked and vivid eontrast to the gloriously 
fertile shore on the opposite eoast. All along this nor- 
thern shore a eonsiderable depth is found ; it then inereases 
to 400 fathoms and an almost level bottom at that depth 
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for Ihe whole length of the gulf, and for four-fifths of its 
width, when it suddenly again shoals up to 150 and 100 
fathoms and then shelves up gradually to the beaeh, except in 
eertain plaees where underground rivers appear to exist, and 
there a depth, varying from 10 to 60 fathoms, and more, is 
found elose in shore, with spits and shoals on eaeh arm pf the 
bays thus formed, sueh as is the ease at Vostizza, whieh we 
shall presently eonsider. So, therefore, we may look on the 
conformation of this gulf's bottom as entirely eonsisting of a 
wide and deep valley of elay and mud with overhanging 
slopes of alluvium deposits brought down by the denuding 
torrents from the mountain range behind. At a distanee of 
about 20 miles from the entranee of the gulf is situated the 
town of Vostizza already referred to, but why sueh a very un- 
stable site was ehosen for building a town is simply marvellously 
unaeeountable. As this is the beginning of the long slip of 
alluvial soil whieh extends as far as east as Gorinth and to the 
mountains behind to the south-west, and ends with those ]ut- 
ting into the sea to the north-west, their deposits were brought 
down more or less unevenly, and therefore the town is perehed 
upon hilloeks and slopes of simple earth and sand, frequently 
shored up with briekwork to prevent them slipping away. 
Poundations worthy of the name are not to be found, and yet the 
inhabitants are surprised when even moderate shoeks bring 
down their otherwise substantial looking dwellings of stone 
and rubble. That the instability of this subsoil is also due to 
the assumed existence under the town of one of those under- 
ground rivers whieh are so frequently found all over Greeee is 
very evident, beeause immediately after any strong earthquake 
shoek the port beeomes muddy beginning in the deep water 
elose alongside and gradually extending outwards, and the very 
abundant water supply from wells and springs in the town is 
entirely eut off until, after a few hours, the earth, bloeking up 
the torrent's path, gets washed out. The dotted line in the 
rough sketeh will better explain this. 
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The exit of this underground river is eridently at a point in 
the sea near to the spit of sand to the norih, as I have often 
foundy when sounding elose inshore there, some rather sudden 
dips of about i6 fathoms with a strong eurrent setting in from 
the N.N.W. towards Giftissa Point ; indeed, on one oeeasion 
my sounding lead was swept out of my hand and sueked 
underneath the bank my boat was over, whieh when the water 
is elear, appears to overlap the greater depth below. Another 
eause for these 'periodieal subsidenees and land slips all over 
the Tureo-Hellenie seaboard is undoubtedly the numerons 
quicksands everywhere existent. There is one inside the Galf 
of Patras, elose to the town, in fourteen fathoms of water, 
whieh has ruined the eontraetor who had undertaken to build 
a breakwater and harbour for that town. Some thousandd 
of tons of roek have been thrown into the sea at that 
point and when, after two years eontinued labour, the level 
was reaehed, and the work seemed to be approaehin? eom- 
pletion suddenly the whole mass began to sink in and 
all had to be reeommeneed afresh. This oeeurred in 
1884, and it was only in 1889 that the breakwater was 
eompleted, and for about 500 yards in length and 10 in 
breadth it now stands six or eight feet above water. It is im- 
possible to ealeulate this mass of material thrown into the sea, 
whieh by its sheer weight has either filled up or bridged over 
the quicksands whieh when too late were found to exist in the 
very plaee ehosen for the harbour works. This is only one 
esample out of the numerous ones to be found all over this 
part of the world. 

In reeapitulating all these facts, we may safely say that there 
are excellent grounds for assuming that, given eertain non- 
voIcanic regions where earthquakes are prevalent, their origin 
may be reasonably traeed to the eauses I have endeavoured 
to explain. If also we bear in mind that, entirely unlike the 
earthquakes in volcanic eentres, although shoeks of very slight 
power are frequently oeeurring all over the Mediterranean, the 
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large and disastrous ones are periodieal and only oeeur at 
almost prophetieal periods and generally every 25 or 30 years. 
Vostizza was destroyed in 1861 and again in 1888. Patras, 
Sta. Maura, Gephalonia, and Zante have all been more or less 
damaged every 30 years as also many other plaees in the Tur- 
kish Arehipelago and along the Asiatie seaboard. There is also 
another important fact whieh is worthy of mueh eonsidera- 
tion, namely that whereas large quakes may entirely destroy 
eities and towns situated upon alluvial deposits, their inAuenee 
is hardly ever felt upon the mountain slopes or in plaees 
built upon a roeky soil. In the great Piliatra earthquake of 
1886, Kyparissia, Gargaliano, and other mountainous towns 
sufFered little or no damage, whilst Gataeolo and Pyrgos 
to the north and Galamata to the east were simply wreeked, 
yet between the sea opposite Piliatra, whenee the shoek 
originated, and Galamata, there is a high and wide range of hills 
of apparently solid roek. This, however, is but another proof 
that mountain ranges do not stop the vibrative waves pf force 
from an earthquake shoek, butremain simply passive speetators 
of their progress, and this aeeounts for the fact that inland 
towns situated on a " made " soil are often seriously shaken by 
shoeks whieh originate a long way o£E and in the sea. 

Bearing all these facts in mind, I fully expected that after 

laying our first eable down the Gulf of Gorinth in 1884 some 

Yaluable data would be obtained with the first foIlQwing earth- 

quake, but, although the usual small shoeks oeeurred all along 

the seaboard, nothing worthy of observation took plaee until 

September ^th, 1888, when a very strong shoek nearly enlirely 

destroyed the town and adjacent villages of Vostizza. It oc- 

eurred at four minutes past five in the afternoon and lasted 

only three seeonds ; and it was felt with deereasing strength 

and inereasing duration as far as Gorinth, the Piraeus, and 

Athens. Simultaneously with the shoek the eable between 

Zante, Patras, and Gorinth beeame interrupted. ' I was in the 

office al the moment and carefully noted the time the suddenly 

F 
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inereased deSeetion oeeurred (denoting what in telegraphy is 
termed ** Dead earth ") and all the other attendant phenomena 
of a broken eable. It is neeessary to mention that the eable 
goes into and out of our Patras office also, so that whilst Zante 
is working with Athens any eessation of the passing signals is 
immediately deteeted and Patras breaks in. He did so in 
this instanee, and was instrueted to aseertain what was the 
matter with Athens, to whieh plaee there are also three aerial 
lines vi^ Vostizza. It was found, however, that these were also 
interrupted, and I immediately assumed that some large earth- 
quake had taken plaee, and proeeeded to test the eable whieh 
I found eompletely severed right o£E Vostizza, two miles from 
the town, in about 200 fathoms of water. The reason the 
aerial lines were interrupted was beeause the telegraph 
office was thrown down, and full partieulars of the quake 
were only learnt some two hours afterwards when they had 
been able to get out an instrument from the wreeked bullding. 
That the shoek was elose to the town and in the sea was 
eertain, and its direetion was from the shallow water towards 
the deeper from N.W. to S.E. The quake was deseribed as 
** a mass of matter falling down " and preeisely as in land- 
slips and avalanches. A slight mass gave way first eausing 
the usual warning shoek, then the whole mass started, smash- 
ing the eable and overthrowing the unstable buildings onshore; 
the sea, quite elear before, beeome very muddy both inshore 
and far out, and a distinet wave eaused by the displaeement of 
the water wasgenerally notieed, more espeeially over at Galatedi, 
fifteen miles N.E. of Vostizza. The water supply in the town 
was eut off for several hours, and even then the water was for 
some days more or less turbid. Neither in the villages on the 
w^««/tf/«j behind Vostizzanor in Patras only twelve miles 
distant aeross land, was the shoek more than slightly fe1t nor, 
except at Galatedi (the only pieee of made soll on that side), 
was the shoek perceived on the northern shore of the Gulf. 
This confirms the idea that the slip or subsidenee started at or 
near Vostizza towards the east and south-east. Several slight 
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shoeks oeeurred during the week following the big one, and 
attentive observers notieed they all eame from the sea — vid€ 
map attaehed. « 

When our repairing ship went to repair the eable, it 
was found eompletely fractured as if by some mighty strain, 
and exactly at the point my tests had plaeed it; both ends 
were frayed out and in my opinion the break was eaused 
by the rable being suddenly tautened by a mass of 
elay and mud sweeping down from the 100 fathom bank 
towards the 300 'fathom bottom on whieh the eable was 
found, or else sinee the gulf was last sounded, in 1860, the 
bank had extended so that the eable laid in 1884 was ac- 
tually resting on it instead of the 240 fathoms assumed from 
the ehart (no soundings were taken here when laying the 
eable) and that the sudden giving way of this bottom dragged 
down the eable, and, by its excessive tautness, fractured it. 
Gertain it is that the ends and the eable for some length were 
covered up more or less iirmly by what appeared when brought 
to the surface as f resh elay or mud . There was nothing volcanic 
either in the soil or in the aetion whieh destroyed the eom- 
munieation. Had there been any inerease whatever in the tem- 
perature of the sea sueh as a volcano must neeessarily eause, 
it would neither have permitted me to test it with sueh aeeuraey 
nor have eseaped deteetion in previous and subsequent tests. 
We have thus every evidence that the eentre of this shoek was 
in the sea at a point very near the fractured eable, and that it 
was purely the result of meehanieal force and nothing else. 
Some idea of the weight whieh was brought upon the eable 
before it parted may be gathered from the fact that this type 
is very strong, and will bear a strain of six or eight tons to the 
mile before giving way. 

Owing to the inereased traSSe we had to lay a seeond eable 
direet between Zante and down the Gulf of Gorinth in May, 
1889, and I was thus able to get many more soundings than 
the old eharts show. These fully eorroborated the assump- 
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tion of an inerease in the general depth of the bottom, and 
also the existence of immense banks of mud and elay sheWing 
down from the southern shore. This eable had npt been 
down three months when it was«fractured, together with the 
1884 eable, by another shoek, whieh had some very remarkable 
eharaeteristies. It took plaee at 8.51 p.m. on August 25th, 
and the lines of vibrative force spread out from the Gulf of 
Gorinth, near Patras, towards that town, right over to Zante 
where my Gray and Milne seismograph registered the shoek 
as a distinetly double one (indeed we feft it so) and with 
a maximum duration of forty seeonds. Missolongi, Agrinion, 
Sta. Maura, and Corfu, as also Otranto, felt the shoek all more 
or less severely, but-at the latter plaee it had almost exhausted 
itself. 

Simultaneously with the iirst wave of vibrative force we were 
interrupted on both the Gorinth eables, and the time was mea- 
sured with the greatest aeeuraey from the eessatio^ of the 
signals on the running slips, as Zante happened to be receiv- 
ing messages from Athens on both lines at the moment the 
shoek began. Owing to the severity of the quake, the Patras 
employ^s left ihe office, but shortly after returned and reported 
that mueh damage ha'd been done in the town, and that the 
direetion of the shoek was distinetly from the Gulf of Co- 
rinth. I was very anxious about Vostizza, but was glad to learn 
that the quake was hardly felt at all there, although at Xylocastro 
{vide ehart) some 20 miles east of Vostizza, andtowardsCorinth, 
the damage was very eonsiderable. On testing for the ruptures, 
I found that the 1889 eable was a dead break off Lepanto, ten 
miles from Patras, and that the 1884 eable was also eompletely 
fractured ofF Kyloeastro, forty miles away from Patras. That 
the first shoek was that nearer Patras, and the seeond the 
Kyloeastro one, seems very elearly established, and the one 
may possibly have resulted from the other as, from the nature 
of the bottom near Xylocastro there was most probably a large 
overhanging bank of silt only waiting the slightest impetus 
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to topple over. Gonsidering then the shoek off Xylocastro 
as purely a loeal one we ean form a better idea of the main 
quake further up the gulf, and, from eertain facts whieh I hope 
to make elear, prove that its eentrum was at the point in- 
dieated. Taking the Southern shore of the gulf to the west- 
ward, Rio and the few villages between there and Patras had 
their houses all more or less damaged. Like Patras it- 
self, all these plaees are situated on made soil, and in the latter 
town, espeeially the new part, is simply built on reelaimed 
ground eonsisting of shingle, elay, and sand. The damage 
was excessive there, not a house eseaping, and many massive 
stone and marble buildings on the newer soll facing the sea 
were eompletely wreeked, indeed if the oldest inhabitants are 
to be believed this earthquake was by far the biggest that 
the present eentury has witnessed in that neighbourhood and 
the wonder is that the whole eity was not eompletely destroyed. 
My opinion, however, is that folIowing up my theory the mass 
of matter whieh subsided or slipped away was very enormous 
and eomposed of mud and elay falling away into a eompara- 
tively small depth, all at onee, and leaving nothing to be 
detaehed by any subsequent shoek. This opinion is eon- 
firmed by the fact that at Patras and Missolongi only 
the one double shoek was felt lasting but two or three 
seeonds, short and sharp whieh hardly gave time to the build- 
ings to take up any great momentum and that not a single 
subsequent shoek small or great too plaee afterwards. I had 
already intended to say that the northern shore of the gulf of 
Patras, viz., Missolonge, Agrinion, Etolieo, and Stamaura, 
eonsists of swamps, lagoons, or spits of silt with several known 
kalabothra. There are many steep and roeky hills in the im- 
mediate vicinity, and although the water has a fairly regular 
depth along the whole eoast, there are indieations of silt sub- 
sidenees at various points notably around Astaeo. The shoek 
was very severe all along this line of silt, and did great damage 
but our eables between Zante and there were not touehed. 
There are several hamlets on the roeky hills behind these 
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plaees, but Ihey hardly felt the quake at all, and what is still 

more important the town of Lepanto, built on ihe slope of a 

mountain of roek and whieh is only one mile off the very eenire 

(7/*the shoek where the eable was fractured, had not a single 

plaster wall eraeked ! I visited the whole neighbourhood 

within a few days after the quake and carefully noted all the 

aforesaid details, whieh, summed up, simply prove that wherever 

plaees are eonstrueted on elastie subsoil in the vicinity of the 

sea, where an unequal bottom is found, and where earthquakes 

oeeur they mustneeessarily expect tobe periodieally destroyed. 

When we repaired these eables we found the 1889 one swept 

out of positlon, although the bottom was only from 50 to 100 

fathoms deep, and over one knot of it was not recovered, a 

new pieee being splieed in. This would indieate a meehanieal 

force sweeping down over it/rom the ^^ point " on the northern 

shore due East 0/ Lepanto and in a S. W. direetion. The 

mass might have been and probably was about one mile in 

length, and but for the comparativeIy shallow water it must 

have smashed the 1884 eable also about half a mile to the 

Southward. Any other force but this, or any other eause 

whatever for the quake must have smashed both eables 

at the same point. This very interesting and important 

fact is again found in the break off Xylocastro. The 

1884 eable was ruptured in Iwo plaees by either a subsidenee 

or slip on a 10 to 450 fathoms bottom, and onee there the 

geologieal evoIution *ceased beeause equilibrium was re- 

established, the bottom beyond being nearly Ievel and eonse- 

quently the 1889 eable parallel to the other eseaped its force. 

I may just note here that an even temperature of 56 Fahr. was ' 

found at the bottom in both instanees and this temperature was 

also registered when the eables were laid. 

. Where the next ehange in the Greek or Turkish seas will 
take plaee it is diiBeuIt to guess, but indieations of silt deposits 
near Gephalonia warrant the assumption that that Island will 
be the next to be favoured with a visit from this dreaded 
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phenomenon. Sinee beginning this paper I have received a 
eopy of ihe very interesting one read by Prof. Milne before the 
Soeiety on January 24th, 1889. 

That earthquake shoeks are rarely ever felt in the same way 
by people separated even by small distanees from eaeh other, 
is apparently an established fact, and on eonsideration it seems 
both natural and reasonable, beeause wherever seismie dis- 
turbanees oeeur, whether of volcanic or non-volcanic origin, the 
subsoil is so very heterogeneous that groups of houses, quite elose 
to eaeh other, may individually experience a very raarked dif- 
ference in the vibrative waves of force passing along the surface 
of the soll. It is very gratifying to find that the assumed fact 
of low lying, soft ground being more liable to the destructive 
effects of earthquakes than the higher and more solid soil, is 
fully confirmed by Professor Milne, but we must remember 
that it is only where low so/t ground existSy on the sea eoast 
line, heyond whieh very remarkable anomalies of depth and 
hottom are/ound, that earlhquake shoeks ever oeeur. Lisbon, 
Messina, Port Royal, Asia Minor, the west eoasts of Greeee 
and Italy, the whole of the west eoast of Africa, and a long 
traet of the west eoast of South Ameriea, are all eases in 
point and all offer the elearest evidence of periodieal geolo- 
gieal evolution whieh will eontinue to oeeur until the 
entire proeess of denudation of the earth above the waters 
there has been eompleted. That the» eontrary results' have 
oeeurred in Japan, viz., that the houses on dry hills or hard 
ground have suffered the mostis in my opinion fully aeeounte^ 
for by the fact that the eountry is eminently volcanic, that all 
the shoeks originate from or are the results of volcanic aetion, 
pur et simplay a elass of quake entirely separate from the 
other, resulting from a purely meehanieal force. In all eases 
of big or small earthquakes in the neighbourhood of active 
Yoleanoes the shoeks are always purely loeal and eonlined to 
a small area — proportionate of eourse to the extent of the 
volcanic seams, and the number of eraters in aetion. Taking 
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Vesuvius, Elna, Yoleano, or Santorino as examples, the earth- 
quake shoeks originating in these voIcanoes are rarely or ever 
felt beyond an extreme radius of twenty miles, but any plaees 
within that radius and when the quake is a big one whether 
on low or high hard ground go down as if they were made of 
eards, but the sensations experienced are invariably found to 
have been dif!erent preeisely aeeording to the nature of the 
soil. Big vo1canic earthquakes are generally subsequent to 
or immediately preeede some more or less vtolent eruption, 
whilst small ones are characterized by a sudden puff, or series 
of puffs, of smoke issuing from the erater. This very elearly 
shows that the shoeks are due rather to the eoneussion eaused 
byfalling masses detaehedby heat and consequent eontraetion 
than to internal explosion as generally assumed^ 

In the ease of Vesuvius we have a elear example of degrada- 
tion in an inverse sense to that due to atmospherieal and other 
ehanges. Direet evidence is obtainable that the materials 
whieh supply the lava and the large and small stones ejected 
during any erupiion of that volcano eome from beneath the 
surrounding eountry and the eity of Naples. The exterior of 
the mountain is of eourse in a proportional sense inereased 
in extent and surface, but eventually the internal degradation 
and the lateral eontraetion of the erater's sides and thinly re- 
dueed upper erust beeomes so great that it must and does 
periodieally give way, entirely ehanging the conformation of 
the surrounding eounAy. 

In Professor Milne's paper entitled "The Stone Age of Japan' 
a quantity of evidence tends to show that during reeent times 
the land ihere, partly by elevation and partly by settling, has 
rapidly been eneroaehing on the sea. Of eourse sueh eases 
of upheaval do oeeur in a purely loeal sense, and in volcanic 
regions, but we have no single pieee of evidence to show that 
upheaval is at all general ; on the eontrary, we have direet and 
ineontestible proof that the sea is reeeding all over the globe 
and the depth of it is inereasing beeause the oeean bed has 
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sunk and the waters with it. That the very eonSiding theories 
have hitherto been a bone of eontentlon between seientists 
is beeause we have never hitherto fully recognized the dis- 
tinctive difference between volcanic aetion and geologieal evo- 
lution and volcanic and non-volcanic earthquakes. 

In eonelusion, I would eite two instanees of earthquakes 
whieh oeeurred in Italy last year, and whieh elearly show the 
two distinet elasses of quake I aeeentuate. In Oetober very 
excessive rains took plaee in eertain distriets around the Po 
many parts of the surrounding eountry were Aooded and land- 
slips to an alarming extent oeeurred on the mountain slopes 
and in the valleys. Vast subsidenees, of a purely loeal nature, 
however, subsequently took plaee, and within a small 
radius from their eentres some vefy strong earthquake shoeks 
were felt, many villages were more or less damaged and a 
general panie ensued. That the mountain torrents were, by 
filtration, or a direet flow, eondueted into hollows, already 
existing by reason of the denuded silt of previous periods 
being unevenly deposited in these valleys, and that the ex- 
cessive rush of water and consequent erosion undermined the 
soil, and the resultant subsidenees eaused the quakes, was 
elearly shown, beeause when the rains eeased and equili- 
brium was restablished nothing more was felt, nor was 
the distriet ever previously subject to earthquakes. Of 
voIcanic earthquakes, a striking example was given in the 
month of January on the slopes of Mount Etna. A village 
situated at its base was seriously damaged by a series of shoeks 
whieh oeeurred during one afternoon. A dull sound as of 
falling masses folIowed by many puffs of smoke (at long in- 
tervals) from the erater, would tend to show that, through 
eontraetion from heat, some masses from the side nearest to 
the destroyed village beeame detaehed, and their eoneussion' 
in falling, produeed the quakes. That this was so is ap- 
parently eonArmed by the fact that none other of the many 
Yillages around Etna were damaged nor do they appear to 
have felt the shoek. 
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The efFects of ^alHng bodies as productive of earlhqiiake- 
like sensations has already been proved by Professor Milne 
with the heavy ball experiments sotne years baek^ and a more 
striking esample was experienced last year in Glasgow when 
a large factory suddenly eollapsed eausing everybody in the 
houses elose at hand to rush out erying that an earthqnake 
had oeeurred, and as some time elapsed before the aetaal 
eause of the shoek was really known people all over the eity 
had taken data of what was eonsidered the duration of the 
earthquake. It was partieularly notieed that the vibralive wave 
of force lasled longer wilh an ever-decreasing strength, pro- 
portionately as the distanee was from the fallen buildings. 

This is but an instanee oia small mass comparativeiy speak- 
ing falling over a few feet and in one heap ; we ean therefore 
pretty elearly see what we get and why, when some thousands 
of tons of matter fall over many hundreds of feet at the bottom 
of the sea. 

Zante, Greeee, Mareh i, 1890. 



Dr. Knott was of opinion that, in his very interesting treat- 
ment of non-volcanic earthquake origins, Mr. Forster had 
been a little hasty in some of the generalizations wilh whieh 
he began his paper. For instanee it was very refreshing, after 
long years of surmisings and doubtings, to be told by a 
gentleman who had never been in Japan that there was no 
doubt about the origin of earthquakes in this eountry. It was 
refreshing but it was not convincing, unfortunately. Of eourse 
we know, in a generally vague way, that an earthquake means 
a displaeement or explosion somewhere underground. Bat 
further than that the problem I fear has not been solved. Mr. 
Forster seems to be of opinion that our Japanese earthquakes 
are all of ** volcanic " origin, in eontradistinetion to the *' Geo- 
logieal disturbanee " or displaeement origin, with whieh his 
paper is chiefiy eoneerned. It is quite possible, however, that 
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many Japanese earthquakes, originating as they frequently do 
somewhere under the Pacific off the eoast of Japan, may be 
elassed along with those so ably deseribed by Mr. Porster. 
Then again, in his seeond paragraph, Mr. Porster makes some 
general statements against whieh I would enter a eaution. I do 
this the more readily as they do not really affect the value of his 
paper as a eontribution to earihquake literature. For the sake 
of the unwary reader, however, whose immalure mind mightbe 
dazzled by Mr. Porster's pieture of eosmie evoIution, I would 
simply say that there are absolutely no facts in support of the 
view that light and gravitation assisted in the manner deserib- 
ed in the evolution of our earth's surface eondition from a nebul- 
ous mist of gases. There is no doubt of eourse as to the 
inexorabIe law of gravitation; but I should be inelined to 
reekon rather on the effects of radiation from the eooling 
earth itself than on the deeomposing aetion of light from the 
snn. But here doubtless the nebulous mist is still darkening 
our scientific vision ; and I may well Ieave Loekyer to fight 
these nebulous mists with his meteor swarms. That '' the most 
fertile spots in the world are invariably those around the bases 
of barren hills or where the torrent has piled up the denud- 
ed soil " is a statement whose truth will depend largely upon 
the definition of a barren hill. But in any ease I eannot 
in the least understand in what way the universal law of 
gravitation has its truth demonstrated by the inferior rieh- 
ness of the soil in polar regions. Riehness of soil is largely 
an effect of dimate, whieh depends on multitudinous geolo- 
gieal and meteor6logicaI eonditions. Riehness of soil is, 
indeed, more direetly affected by sunshine and moisture than 
by gravitation attraetion. Outside those rather doubtfuI gene- 
ralizations, however, Mr. Forster's paper is to be weleomed as 
a very important eontribution to our knowledge of earthquake 
origins. As I have ]ust hinted, we in Japan here may, in 
spite of Mr. Forster's own expressed sentiments, take his 
theory as direetly applieable to some of our earthquakes of 
Pacific origin. His numerous facts regarding the snappings 
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of eables and the sudden ehanges of depths seem eapable of 
only one explanation, that given by hiin. Honey-eombed sea 
bottoms, overhanging ridges, steep deseents, and broken eon- 
tours seem to be a feature of eertain seas and oeeans ; and 
there eertainly landslips will oeeur from time to time, 
eausing earthquakes throughout the surrounding material. 
Of eourse there is the more ultimate question as to the 
origin of this peeuliar strueture itself. Probably the erast 
of the earth is honey-eombed and vesicular more or less 
all through ; and it is easy to see that subterranean eollapses 
and landslips might readily enough oeeur in the moreunstable 
regions, started possibly by a volcanic explosion. We should 
naturally expect sueh vesicular strueture to be more pro- 
nouneed in regions that have been or still are volcanic. £very 
sueh ehange of eoniiguration must result in the falling 
of material to lower levels, that is, if we negleet direet volcanic 
ageney. Mr. Porster eonsiders that, as sueh material near the 
surface of the bed of the sea falls in, its plaee is iilled by water, 
eausing a sinking of the sea-Ievel. Henee will result an ap- 
parent rising of the land. However true a deseription this 
may be of what may be taking plaee in the lonian Sea, it 
would be difficult to apply it generally to the great iaet of the 
inerease of land area throughout geologleal time. The ordi- 
narily aeeepted view that the sea-Ievel is a steadier surface 
than the surface of the dry land^ and that the eontinents have 
risen as the oeean beds have sunk and the oeean ehannels 
eontraeted, is one of those very rational scientlfic views that 
took long to penetrate the mind of man ; but onee there^ it 
will not be easily dislodged. 
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DIAGRAMS 0F EARTHQUAKES REGORDED AT 
THE GHIRI-KYOKU IN TOKYO. 



By JOHN MlLNE. 

[Read May agth, 1890.] 

Through thekindness of Mr. Arai Ikunosuke, direetor of the 
Itoperial Meteorologieal Bureau inTokyo, I have been enabled 
to reproduee the folIowing as examples of diagrams taken by 
the Gray-Milne Seismograph, whieh has been the standard in- 
strument in that department for many years. The instrument 
is one of the first eonstrueted, and has the objection that if an 
earthquake eontinues for more than 120 seeonds, whieh is the 
time taken for the revolution of the reeording drum, one 
portion of the diagram may be superimposed upon another. . 

In more modern types of this instrument this objection has 
been overcome by the reeord being taken upon a eontinuously 
running band of paper. For a deseription of the instrument 
see Trans. Seis. Soe. Vol. XII., p. 33, or Philosophieal 
Maga%iney April, 1887. 

September 28ih, 1885. 

5.27.43 a.m. 

Period 2.2 see. Amp. ii.i mm. Direetion E. I7°S. Dura- 

ration 4 min. 
The origin of this disturbanee, whieh shook a land area 
stretehing at least 150 miles to the west, was probably in the 
sea, S.W. from Tokio. 



94 DIAGRAMS 0F EARTHQUAKES REGORDED 

Oelober 26th, 1885. 

10.41. II p.m. 

Period 2.9 see. Amp. 1.9 mm. Direetion N. 45*^ W. 

Duration 4 m. 48 see. 
The eentre was about 60 miles S.S.W. from Tokio. Land 
area shaken, 978 square ri, 

Deeember 28th, 1885. 

10.6.30. p.m. 

Period 1.8 see. Amp. 3.3 mm. Direetion E. 11° N. 

Duration 3 min. 40 see. 
Tokio appears to have been about the eentre of the disturb- 
anee, whieh had a radius of about 80 miles. 

January I5th, 1887. 

6.51.59 p.m. 

Horizontal motioh. — Period 2.3 see. Amp. 19.2 mm. Diree- 

tion E. 34° N. 
Vertical motion. — Period 0.8 see. Amp. 5.5 mm. Duration 

10 minutes. 
The origin of this earthquake was a few miles to the west 
of Yokohama. The area shaken was 5,364 square rt, extend- 
ing from Nagoya to- the west, nearly to Niigata to the north 
and to Sendai to the north-east. This disturbanee, whieh 
ereated some damage in Yokohama has been fully deseribed 
by Professor Sekiya (see Vol. XI.). 

April 29th, 1887. 

ii.i2.ioa.m. 

Period 3.0 see. Amp. 1.2 mm. Direetion S. 22° E. Dura- 

ration 3.0 min. 
This disturbanee was felt all over the eountry from Kiushiu 
to Owari. Beyond this it was not felt until we reaeh the 
eastern side of the Hakone range, where the Tokio area is 
shaken, the disturbed distriet being elliptieal with a major 
axis 60 miles in length stretehing N. and S. The area shaken 
was 7,862 square ri. 
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September 5th, 1887. 

3.23.23 a.m. 

Horizontal motion. — Period 2.3 see. Amp. 2.57 mm. Diree- 

tion S.E.-tT.W. 
Vertical motion. — Period 0.8 see. Amp. 6.5 mm. Duration 

6.0 min. 
The area shaken was 5,498 square r/, and extended from 
Shidzuoka to Niigata and then beyond Sendai. The eentre 
was about 60 miles S.E.'from Tokio. 

Pebruary 2nd, 1888. 

1.15.15 p.m. 

Horizontal motion. — Period 3.7 see. Amp. 13.0 mm. Diree- 

tion W.N.W.-E.S.E. 

Vertical motion. — Period . Amp, 0.5 mm. Duration 

3 m. 48 seCi 
The area shaken, whieh was 3,415 sq. ri, extended from 
Odawara to Sendai, 

The origin appears to have been about 60 miles east from 
Tokio. 

Eebruary 2nd, 1888. 

3.41.27 p.m. 

Period 2.4 see. Amp. 3.8 mm. Direetion W.S.W.-E.N.E. 

Duration 4 m. 5 see. 
The land area shaken was 2,635 sq. ri, The disturbanee 
was feeble and only felt at a few plaees. The origin appears 
to have been 60 miles east of Tokio. 

April 29th, 1888. 

10.0.33 ^™^' 

Horizontal.motion. — Period 0.8 see. Amp. 5.6 mm. Diree- 

tian S.E.-N.W. 
Vertical motion. — Period 0.6 see. Amp. 1.5 mm. Duration 

B minutes. 
The area shaken was 5,078 square ri extending from near 
Nagoya to Sendai. The eentre was near Tokio. 
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November ^rd, 1888. 

8.13.33 ^'^' 

Horlzontal motion. — Period 0.4 see. • Amp. 1.9 mm. Diree- 

tion S.W..N.E. 
Vertical motion. — Period 0.4 seo. Amp. 0.5 mm. Duration 

4 m. 30 s. 
The land area shaken was 737 sq. ri, the eentre beingabout 
40 miles £. of Tokio. 

January ist, 1889. 

7-5-30P-TO- 
Horizontal motion — Period 0.15 seo. Amp. i.i mm. Diree- 

tion S.W.-N.E. 

Vertical motion. — Period 0.3 see. Amp. 0.5 mm. Duration 

I m. 55 see. 

The land area shaken was 3,432 square n' extending from 

Shidzuoka to Sendai. The eentre was about 20 miles N.W. 

of Tokio. 

Pebruary i8th, 1889. 

6.09.32 a.m. 

Horizontal motion. — Period 3.2 see. Amp. 20.3 mm. Diree- 

tion N.W.-S.E. 

Vertical motion. — Period 0.6 see. Amp. 3.7 mm. Duration 

6 m. 12 see. 

The land area shaken was 5,749 sq. ri, extending from Owari 

to Mito. The eentre was in the bay of Tokio. 

Mareh ^ist, 1889. 

6.42.15 a.m. 

Horizontal motion. — Period 2.5 see. Amp. 3.8 mm. Diree- 

tion S.S.E.-N.N.W. 
Vertical motion. — Period 0.6 see. Amp. 0.2 mm. Duration 

4 min. 
The land area shaken was 4,343 sq. ri, extending from 
Nambu to Odawara. The eentre was about 120 miles N.E. 
frojn Tokio. 
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April i8th, 1889. 
2.07.42 p.m. 
Horizonlal motion. — Period i see. Amp. 0.8 mm. Direetion 

E.S.E.-W.N.W. 
Vertical motion. — Period 0.7 see. Amp. 0.2 mm. 
The land area shaken was about 3,052 sq. r/, the eentre being 
near Oshima. 

Oetober i^th, 1889. 

10.50.24 p.m. 

Horizontal motion. — Period 2.0 see. Amp. 2.2 mm. Diree- 

tion S.E.-N.W. 
Vertical motion. — Period 0.6 see. Amp. 0.4 mm. Duration 

2 min. 
The land area shaken was 3,009 square ri^ extending from 
Shizuoka to Sendai. The eentre was about 50 miles north 
of Tokio. 
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REPORT ON EARTHQUAKE OBSERYATIONS 
MADE IN JAPAN DURING THE YEAR 1889. 



(An Epitome of a Translation with a Prefatory Note and General Ob- 

seryations, by John Milne.) 

[Read May agth 1890.] 

The following paper is praetieally a translation of a repprt 
published by the Meteorologieal Ceqtral Observatory in Tokyo. 
It was drawn up by Mr. N. Otsuka, under the general super- 
intendenee of Mr. Arai Ikunosuke, the Direetor of ihe Obser- 
vatory. The report is based upon reeords sent by observers 
in the shaken dislriets after eaeh shoek to the Gentral Obser- 
Yatory, where a map showing the area over whieh the disturbanee 
has been reeorded is immediately drawn. Altogether there 
are in Japan more than 650 stations at whieh observations are 
made. 

For the eommeneement of this elass of observations in 
Japan, reference may be made to Trans. Seis. Soe, Vol. IV., 
'* The distribution of Seismie Activity in Japan," by J. Milne. 
Trans. Seis. Soe, Vol. VII., Pt. II., ** 387 Earthquakes observed 
during two years (1881-3) in North Japan," by J. Milne. 
Trans. Seis. Soe, Vol. X., pp. 57-82, " Earthquake Observations 
of 1885 in Japan," by Professor Seikei Sekiya. Trans. Seis. 
Soe, Vol. XIII., Pt. I., p. 91, " Report on Earthquake Obser- 
vations made in Japan during the year 1886." 

The two latter papers, like ihe present, are based upon 
Reports of the Imperial Meteorologieal Department. The 
areas of distriets shaken are given in square ri'(i square n = 
5.95 square miles). 



lOO REPORT ON EARTHQUAKE OBSERYATIONS 

Frequency of £arthquakes. 
During ihe year 1887 (Meiji 2oth) from January to Deeem- 
ber the number of earthquakes in this eountry was 483, being i 
more than in 1885 and 11 morethan in 1886. 

In 1887 there were 483 shoeks, or a daily average of 1.323. 
In 1886 there were 472 shoeks, or a daily average of 1.293. 
In 1885 there we^e 482 shoeks, or a daily average of 1.320. 

For the sake of convenience in eomparing the frequency in 
different plaees, we have added a map for the 482 earthquakes 
in this year, see Fig. i, made on the same plan as the maps 
of previous reports. Most of the earthquakes oeeured in 
Musashi, Shimotsuke, Nemuro (eastern), Shimosa, and Shi- 
taehi. 

There were 80 in Tokio, the largest number sinee 1876. 
Iwashiro, Kazusa, Rikuzen, Mutsu, Sagami, Kii, Satsuma, 
Kotsuke, Owari, Iwami, Mino, and lyo stand next; and Iwa, 
shiro, Toshima, Eehigo, Aki, Hiuga, Kai, Ugo, Ise, Suruga- 
Mikawa, Totomi, Bizen, Bitehu, Teshio (north-southern), 
Awa, Shinano, Uzen, Yamashiro, Settsu, Omi, Rikuehu, Tosa, 
and Izumo, are third. All olher plaees were for the most part 
shaken less than 5 times. Nemuro (northern), Kitami, Ku- 
shiro (northern), Tokaehi (northern), Ishikari, Teshio (both 
north-eastern), Shiribeshi (south and north), Iburi (westem), 
Noto (southern), Etehu (northern), Oki, Iki, Tsushima, Hizen 
(western), and ali the islands in the surrounding seas of the 
Empire have no eolouring ; this is due to there being no re- 
ports from those plaees. So we assume that in these plaees 
there were no earthquakes. As reported last year, the plaees 
from whieh no reports eome, are nearly the same eaeh year : 
very few earthquakes oeeur in the distriets near them. So 
though we have no reports, we believe the number of dis- 
turbanees to be very small. 

In the last three years earthquakes have been most frequent 
on the south-east eoast ; on the N. W. they have been very few 
except in San-in Do, San-yo Do. and Nan-kai Do, of whieh 
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San-in and San-yo have the same number in the northerri^^i'hii 
southern parts, and Nan-kai Do has many in its western p^. ^ 
In short, as pointed out last year, it is shown in Fig. i. 6f 
eaeh report, ihat the mountain ranges whieh rise and run to .' 
the south-west through the middle of the main island, form 
barriers aeross whieh earthquakes do not pass. 

Relation of Earthquakes to Seasons. 

The season of earthquakes varies greatly. The folIowing 
tables of time and frequency, and the average number of earth- 
quakes in eaeh month of the 3 years 1885, 1886, and 1887, are 
given for convenience in eomparison : — 
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m 


m 


Moreorless. LThis year 6 


17 


13 


8 


6 





4 


3 





17 


I 


15 


8 


00 7 



Averageof 3 years S^o^^'O^^.^ 34»7 56-3 38.0 35. 3 37.0 43.031.3 34.7 46.0 47.90 39.92 

As in the above table, the total for 1887 is 483. The 
monlhly average is 40.3. Five monlhs, Jan., Feb., May, Sept. 
and Dee. have more than the average number. Mareh, April, 
June, July, Oet. and Nov. have less. May has the .most and 
Oet. the least. 

From the average number during the three years, we must 
eonelude that most oeeur in May and fewest in Oet. 

We arrange ihe number of oeeurrenees by seasons as 
follows : — 

Spring. Summer. Autumn. Winter. 
Season. Mar. Apr, June, July, Sept.Oet, Dee. Jan, Toial. Aver. 

May. Aug. Nov. Feb. 

No. of eartli- f 1885 ... 125 108 133 116 482 120.5 

quakes. (.1886... 145 112 96 119 472 118.0 

Average for 2 years ... 135 lio 114 117 476 119.O 

No. of earth-") «o o -- o 

quaUes. j '887 .-. "9 "' 98 I5S 483 120.7 

1. in. I. m. m. m. 

More or less i6 i i6 38 7 17 

Average for 3 years ... 129.7 I10.3 109.0 130.0 479.0 119.75 

As in the above table, during 1887 the average per season is 



> ' 
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120.7. Winterhas more than the average, and the other three 
seasons less. The fewest oeeur in aulumn. 

In eaeh of the three years, the season having the greatest 
number difEers, t.e. in 1885 autumn, in 1886 spring, in 1887 
winter; but the season having the fewe$t is the same in 1886 
and 1887. In 1885 summer has the fewest. 

Referring to the average number of disturbanees in the three 
years, we see that in spring and winter, it is greater than the 
average, and in summer and autumn less ; in winler greatest, 
and in auLumn least. 

We arrange by two seasons, eold and warm, as follows : — 

Season. Warm, Apr.-Sept. Cold, Oet.-Mar. Total. Average. 

No. of earlhquakes. 'I^S ••. 241 241 482 24..0 

^ looO ... 249 223 472 230.0 

Average for 2 years 245 232 477 238.5 

No. of earlhqiiaUes. 1887 ... 243 240 483 241.5 

More or less 2 I. 8 m. 6 m. 3.0 m. 

Average for 3 years 244.3 234.7 479.0 239.5 

As in the above table, in 1887 the averaq^e number of one 
season is 241.5. In the warm season it is greater than the 
average, and in the eold less, but the difference is only three. 

In 1886 and in 1887 disturbanees oeeurred very often in the 
warm season and very seldom in the eold season. 

In 1885 the number was the same for both seasons. 

Referring to the average number, we see that in the warm 
season there are more, and in the eold less, the difference 
being 96. 
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TiMK 0F Earthquake Occurrenck. 
The following table is one in whieh the earthqaakes in the 
tbree years are arranged aeeording to the bours of the day : — 

HUURS. MONIHS. 

A.M. A.M. Jan. Fib. Mar. Apr. May J"ne July Aug. Sbp. Oct. Nov. Dkc. Total. 

12 to I ... 3 8 2 4 5 ' 8 4 3 o 2 6 5 50 

1 to 2 ... 7 10 3 2 2 7 6 I 6 6 2 6 58 

2 to 3 ... 8 5 7 6 10 5 6 13 11 i 4 6 82 

3 to 4 ... 5 S s S 12 I 5 7 6 4 5 5 65 

4 to s — 3 7 o 3 13 4 3 3 6 I I 2 45 

5 to 6 ... 448 2 16 2 6 s 374 I 62 

6 to 7 ... 4 S S 3 6 2 s 3 10 4 2 8 57 

7 to 8... 42467^33^664 51 

8 to 9 ... s 5 5 6 8 s 6 4 10 I 3 s 63 

9 to 10 ... S 6 ^ 5 610 2 4 76 2 3 62 

10 to IX ... 10 I 3 7 I 2 2 2 32 2 6 41 
n to 12 ... 4 S 4 S 8 7 s 2 4 3 4 10 61 

P M. P M. 

12 to I ... 2 3 2 2 S 3 4 3 7 3 8 6 48 

I to 2 ... 2 10 5 6 13 7 4 7 s 6 s S 7S 

2to3... 7297IIS74437S 7» 
3 to 4... 27 176 1767263 $s 

4to S **-- 3 3 6 2842 s 8 X 2 2 46 
Sto 6... 495247404211 43 
6to7... 446s4S3S86s6 61 

7to8... 673424S42S3S So 

8to 9 ... I 6 S S 7 3 6 5 s 6 II II 71 

9 to 10 ... 2 6 6 2 s S 8 6 9 s S 10 69 

lotoii .„ 10 II 12 s 6 6 i 6 o 6 s 12 81 

11 to 12 ... 6 10 4 3 S 6 2 10 36 S 10 70 
Sum III 141 116 104 169 114 106 III 129 94 104 138 i|437 

The greatest number of earthquakes oeeur between 2 and 3 
a.m., and the least between 10 and 11 a.m. 

Between 2 and 3 p.m. and between 8 and 9 p.m. there were 
71 shoeks. 

Between' 5 and 6 a.m. and 9 and 10 p.m. there were 62 
shoeks. 

Between 11 and 12 a.m. and 6 and 7 p.m. ihere were 61 
sboeks. 

Between 12 and i a.m. and 7 and 8 p.m. there were 50 
shoeks. 

Generally between noon and midnight there have been 43 
more shoeks than between midnight and noon; or from 6 
a.m. to 6 p.m. there have been 91 more shoeks than during 
the remaining 1 2 hours. 
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£arthqukes classified aggording to the Land Area 

shaken by each. 

In the following table we give the total shaken areas and 

the average shaken areas of large and of small earthquakes for 

eaeh month of the three years (1885, 1886 and 1887). The 

measurements are in sq. ri (i sq. ri = 5.95 sq. miles) : — 

Month, Jan. Feb. Mar. Apr. May. Jone. Jal]r. 

Wholearea >885- 10,020 16,980 7,320 4,750 10,380 15,890 9,170 

1886... 3,240 5,550 4,81012,480 15,380 S.080 10,490 

Average for 2 years... 6,630 11,265 6,065 8,615 12,880 10,485 9,830 

Whole area ... 1887... 23,200 16,270 3,20012,310 13,320 5,920 13.290 

Larger or /• /. 5. /• /. s, L 

smaller ... This year. 16,570 5,005 2,865 3,695 340 4,565 3,460 

Average for 3 years... 12,153 12,933 5,100 9,847 12,993 8,963 10,983 

Avera^eaiea '^^S-. 3»0 390 200 130 200 370 290 

/werage aiea., ,8gg g^ ,^q ^^ ^^ ^60 170 290 

Average for 2 years... 195 265 150 230 330 270 290 

Average area...i888... 570 380 110 420 220 160 350 

Larger or ^ /. /. £. s. s, l' 

smaller ... This year. 375 15 40 190 10 iio 60 

Average foi 3 years... 320 270 137 293 227 233 310 

Ave- 

Month. Aug. Sept. Oet. Nov. Dee. Total. rage. 

Wholear^a 1885... 6,o6o 14,570 21,340 4,120 11,700 132,300 11,025 

wnoie area ... ,88g ^^^g^^ ^^^^ ^gg^ ^,480 8,360 92,050 7,671 

Average for 2 years... 8,440 12,035 12,600 3,300 10,030 112,175 9,348 

Whole area ... 1887... 7,820 14,580 2,680 11950 9,390 133,830 11,152 

Larger or s. /. 5. /. 5. /. /• 

smaller ... This year. 620 2,544 9,920 8,650 640 21,655 1,805 

Average for 3 years... 8,233 12,883 9>293 6,183 9,817119,391 9,949 

Avera^earea ^^^^'" ^^^ ^20 52O 80 290 3,3»0 276 

/werage area... ,ggg ^30 230 120 110 200 2,260 189 

Average for 2 years... 220 275 320 95 245 2,785 232 

Average area...i887... 220 340 130 340 170 3,310 276 

Larger or /• s. /. ^. /. /. 

smaller ... This year, — 65 190 245 75 525 44 

Average for 3 years... 220 297 257 177 220 2,961 247 

The whole area in 1887 is 133,830 square ri. 

The monthly average is 11*152 square ri. 

The average per disturbanee 276 square ri, 

During 1887 there were 91 disturbanees above the average. 

The area of disturbanee is 41,783 square ri more than in 
1886, and 15,339 square r/more than in 1885. 

The number above the average in 1887 is 25 more than in 
1886, and 5 less than in 1885. 

The namber whieh were greater 
Year. Whole area. than the average area. 

1887 133,830 square r/ 91. 

1886 92,050 square ri ., 03. 

1885 132,300 square ri 96. 

The area of the Empire^ excepting small islands and the 
islands of Riukiu, is 24,352 square ri\ therefore the area dis- 
turbed in 1887 is five times the area of the Empire. 
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Ar£A. Year. 5* 2 I i I S 5 o i i i o g 2« 

More than 7,000 ]^— _ZZZZZZZZZZZ Z Z 
8quarer». ^gg^ , ^^^ 

Between 6,000 andj||l Z — — — — — — — — — ——— — — 

7,000 square ri. \ll\;;;' ZZZZZZZZZZ Z Z 

Between i,ooo andj!gl Z .1 Z Z 

6,000 squareri. .gg^;;;;; , , 

Between 4.000 andj!?l Z — """"■~"""""~""~-"*"" 

S.000 square ri. \fg^—; _Z-!";Z-ZTZZZ 
Between 3.000 and'^^S -- Z J ~* | ' I " ' ' 

4.000 squareri. '^;;;;;^ ZZZJLZ^_!ZZZZ 

Betweena,oooand;"^5 >» :!''Z3'"» 

3.000 squareri. ]^--- Z Z 1 1 Z ^; \ 1 Z -, -, 

1885 — 1—1—1—1—4-«, 

I— III— — 3— II 






Between 1,000 and^^gg 



3,000 square rt 



1887 34 — 31X333 — 4> 



3 


0.3 


I 


O.I 


3 


0.3 


I 


O.I 


i 


0.3 


o.S 


3 


0.3 


'3 


I.I 


5 


0.4 


7 


0.6 


9 


0.8 


9 


0.8 


«3 


1.9 


49 


4.1 


31 


1.7 



Sum ...No. in 1885 & 1886. 1^146^4387x4 

Average for a years — 3 — 3333143 — 3 

Sum No. in 1887. 75— 3a«434— 53 37 3-1 

More or less This year. ^m. 3m. — im. il. il. am. am. — 3I. $m. im. idm.i.^m. 

Between7Soand l^{ ^ l l 1 ' ' ' ' 3 13 i.o 

i.ooo square ri. ||J - > > ' > i - » - i - a la 1.0 

• ^ 1887 II — — III 13 1 — — 9 0.8 

Between 500 and 'g^l ! J '!""*-*' ' '^ '•-♦ 

750tquareri. JfJ I T ' "7 « a a - 4 13 i.i 

" ^ »887 — a I ~ 6 I I — 1 I 3 3 18 i.s 

Between 300 and llH a i — 3 4 i a i — 6 i 4 34 3.0 

Soosquareri. ^5J » a 3 i 3 4 i i - a , 1 ao 1.7 

' ^ 1887 3443133131— a 35 3.1 

Between 300 and \ll{ "- » > > » 4 - 4 1 a 9 3 37 a.a 

3oosquareri. ^5 J Z ^ ! 1 ' ' ' ' 3 ao 1.7 

* ^ 1887 33— 133 133134 ai 1.7 

Between 100 and ;g| 3 6 S 6 16 7 4 a 4 - 5 5 63 S-a 

30osquareri. J2S 5 3 a 3 4 4 1 5 4 3 « 4 39 3-3 

^ 1887 3133433- 3313 34 a.o 



Sum ...No. in 188S & 1886. aa ao 19 18 34 a6 11 ai 15 18 17 a6 347 ao.s 

Average for 3 years 11 10 9 9 17 13 S 10 7 9 8 13 lai 10. 1 

Sum 1887. 8 10 7 6 14 9 7 4 ,0 6 6 10 97 8.1 

Moreorless 3I. — al. 3I. 3I. 4K am. 61. ^m. 3I. al. 3I. 341. a.ol. 

Less than 100 ]lli [9 37 37 36 a8 37 »3 i9 33 34 33 34 309 35.7 

8quare ri. ^JS Jj 3i 39 37 41 18 30 33 30 H 19 38 349 391 

_* '887 36 43 33 30 44 38 37 38 39 14 34 43 349 39.1 

Sum ...No. in 1885 8e 1886. 47 58 66 53 69 45 53 S3 63 49 51 «[a 658 54.8 

Ayerage for a years 33 39 33 36 34 sa 36 36 31 34 aS 36 335 37.1 

Sum 1887. 36 43 33 30 44 38 a8 37 39 14 34 43 349 39.1 

More or less 3m.14m.10l. 61.iom. 6m. im. am, al. iol.il.i7m,34m.3.om. 

^M«VM^MMM^ai^^H.^W^B^^_^^^_^^B^K_^^^^^M - I ^BM ^m^ WM ^^B «^ V^ M^ V^ ^^M K^ 

Whole sum Whole No. 

in 1885 & 1886. 70 83 86 7S '09 76 68 76 86 74 6^ 83 9^4 79.5 

Ayerage for 3 years 35 41 43 37 54 38 34 38 43 37 34 4» 475 39-6 

Sum 1887. 41 58 30 39 60 38 38 3S 43 30 3S 56 483 40.3 

FJoreorle9S 6m.17m.13l. 81. 6m. — ^m. 3I. — 17l.1m.1sm.8m.0-7m. 
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From the above table, we see that in 1887 there were : — 

349 whieh disturbed less than 100 square ri, 

79 whieh disturbed between 100 and 1,000 square ri, 

37 whieh disturbed between 1,000 and 5,000 square ri, 

2 whieh disturbed between 5,000 and 7,000 square r/. 

and only one over 7,000 square ri. 

Of earthquakes whose area of disturbanee is less than 100 
square ri, there were 24 more in 1887 than in 1885 and 1886. 

DlSTURBED PlAGES. 

In every year, the plaees whieh have been shaken are nearly 
the same: namely, in order of frequencyof disturbanees, Musa- 
shi, Shimotsuke, Kazusa, andShitaehi; Nemuro ; Iwaki, Kazusa, 
and Rikuzen ; Mutsu, Sagami, and Kii. 

In Musashi, Shimotsuke, Kazusa, and Shilaehi there were 50 
disturbanees ; in Tokyo 80. In these provinces, the origins 
and areas are nearly the same eaeh year. In Nemuro there 
were 28, whieh shook about the same area; and in Kii and 
Satsuma many. 

A detailed aeeount of distriets shaken is given in the fol- 
lowing table : — 



Name of Province. Year. 

Musashi 1885. 

1886. 
1887. 

Shimotsuke 1885, 

1886. 
1887. 

Nemuro 1885. 

1886. 
1887. 

Shimosa 1885, 

1886. 
1887. 

Shitaehi 1885. 

1886. 
1887. 



No. oC Earth- 
quakes. 

68 .. 



Intensity. 



54 

80 

58 

61 

42 

33 
43 
35 

40 
28 
29 

36 

33 
27 



Strong. 

2 .. 

1 .. 

2 .. 

I .. 

I .. 

.. 

4 .. 

1 .. 

2 ., 

O ., 

O ., 

2 .. 

.. 

1 .. 
o .. 



Weak. 

18 . 

15 . 
15 . 

18 . 

5 . 

6 . 

22 . 

15 . 
2 . 

15 . 
17 . 
15 . 

8 . 

23 . 
8 . 



Smalh 

48 
38 
63 

39 
55 
36 

7 
27 

31 

II 
12 

28 

9 
19 



MADE IN JAPAN DURING THE YEAR 1889. IO7 

« 

Iwaki 1885 19 ... I ... 13 ... ^ 5 

1886 19 ... o ... 16 ... 3 

1887 25 ... o ... 7 ... 18 

Kazusa 1885 22 ... o ... 4 ... 18 

1886 14 ... o ... 4 ... 10 

1887 22 ... I ... 3 ... 18 

Rikuzen 1885 16 ... o ... 11 ... 5 

1886 12 ... 3 ... 5 ... 4 

1887 21 ... 2 ... 7 ... 12 

Mutsu 1885 26 ... 2 ... 8 ... 16 

1886 15 ... o ... 6 ... 9 

1887 18 ... I ... 9 ... 8 

Sagami 1885 15 ... i ... 13 ... i 

1886 8 ... I ... 3 ... 4 

1887 15 ... i ... 9 ... 5 

Izu 1885 5 ... 2 ... 2 ... I 

1886 I ... I ... o ... o 

1887 5 ... I ... 3 ... I 

Hoki 1885.... 2 ... o ... 2 

1886 — ... — ... — 

1887 5 ... o ... 2 

Suo 1885... 5 ... o ... I ... 4 

1886 3 ... o ... 3 ... o 

1887 5 ... o ... o ... 5 

Hizen 1885 3 ... o ... 2 ... i 

1886 4 ... o ... o ... 4 

1887 4 ... O ... 4 ... O 

Osumi ...1885 9 ... 2 ... 5 ... 2 

1886 3 ... o ... I ... 2 

1887.. 4 ... I ... I ... 2 

Higo ...1885......... 4 ... o ... 3 ... I 

1886 2 ... o ... 2 ... o 

1887 . 4 ... o ... 3 ... I 

Kaga 1885 - 

1886 - 

1887 4 ... o ... 3 

Kushiro .1885 .15 ••• i ... 8 ... 6 

1886.. 23 ... 4 ... 13 ... 6 

1887.. 4 ... 1 ... 3 ... o 



... 



... 



... ... •*. 



... ... ... 



... 
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Kawaehi 



Hida 



Kii 



Satsuma 



Kotsuke 



Owari 



Aki 



Iwami 



Mino 



lyo 



Iwashiro 



Toshima 



Sado 



885. 
886. 
887, 

885, 
886. 
887, 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886, 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 



2 . 


. 


2 ... 


3 .. 


I .. 


I ... 


3 . 


. 


I ... 


3 . 


. 


I ... 


I .. 


I .. 


... 


3 . 


. 


I ... 


18 . 


. 


.. 7 ... 


22 . 


I . 


6 ... 


15 . 


. 


.. 8 ... 


10 . 


I . 


4 ... 


10 . 


. 


.. 6 ... 


14 . 


. 


.. 9 ... 


II . 


. 


.. 10 ... 


II . 


2 . 


.. 6 ... 


13 . 


. 3 . 


.. 6 ... 


8 . 


.. 


2 ... 


3 .. 


.. 


,. 2 ... 


12 . 


I . 


.. 5 ... 


5 .. 


.. 


2 ... 


5 .. 


. 


I ... 


10 . 


. 


.. 5 ... 


2 ., 


. 


2 ... 


6 .. 


.. 


I ... 


II . 


. 


.. 5 ... 


13 . 


•. 3 . 


.. 8 ... 


6 . 


. 


4 ... 


II . 


I . 


.. 3 ... 


3 .. 


.. 


2 ... 


10 . 


-. 3 . 


.. 6 ... 


II .. 


.. 


. 9 .-. 


5 . 


. 


.. 3 ..c 


9 . 


. 


.. 6 ... 


10 . 


I ., 


4 ... 


9 . 


2 . 


.. 5 ... 


3 . 


.. 


I ... 


10 . 


2 . 


.. 7 ... 


I .. 


» . ~~~ • 
.. 


I ... 


3 .. 


.. 


I ... 



o 
I 

2 

2 

O 
2 

II 

7 
5 

4 

5 

I 

3 

4 

6 
I 

6 

3 

4 

5 

o 

5 
6 

2 
2 

7 

I 
I 
2 

2 

3 

5 

2 
2 

I 



o 
2 
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Echizen 



Tango 



Bingo 



Awa 



Ishikari 



Iburi 



Awa]i 



Shima 



Etehu 



Eehigo 



Huga 



Kai 



Ugo 



885. 
886, 
887. 

885. 
886. 
887. 

885, 
886, 
887. 

885. 
886. 
887, 

885, 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 



885, 
886. 
887, 

885, 
886. 
887. 

885 
886, 
887. 



4 
3 
3 

I 
I 

3 

I 
I 

3 

7 
2 

3 

4 
I 

3 

7 
2 

3 

2 
I 
2 



885 3 

886 31 

887 10 



5 
6 

10 



21 
II 

9 

3 
8 
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Ise 



Suruga 



Mikawa 



Totomi 



Bizen 



Bitehu 



Yamato 



Tamba 



Harima 



Nagato .4, 



Mimasaka 



Buzen 



Hidaka 



885 7 

886 5 

887 9 

885 8 

886 2 

887 8 

885 10 

886 4 

887 8 

885 5 

886 2 

887 8 

885 I 

886 2 

887 8 

885 2 

886 I 

887......... 8 

885 5 

886 2 

887 2 

885 7 

886 4 

887 2 

885 2 

886 3 

887 2 

885 5 

886 3 

887 2 

885 I 

886 — 

887 2 

885 I 

886 3 

887 2 

885 3 

886 — 

887 2 



. 


•. 3 




. 


.. 3 . 




2 . 


.. 4 . 




I . 


2 . 




, 


I . 




I . 


..• 3 




. 


.. 3 
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I . 




I . 
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5 

I 

4 

7 
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2 
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Shiribeshi 



Noto 



Wakasa 



Teshio 



Awa (Boshu) 



Settsu 



Bungo 



Shinano 



Uzen 



Yamashiro 



Omi 



Rikuehu 



Tosa 



885. 
886. 
887. 

885. 
886. 
887. 

885, 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
886. 
887. 

885. 
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887. 

885. 
886. 
887. 
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886. 
887. 
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886, 
887, 
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Intensity of Earthquakes. 

The intensity is not aeeurately determinable. The plaees 

whieh were shaken severely were Shitaehi (4 times), Shimosa, 

Kozuke, Shimotsuke, Sagami, Shinano, Rikuzen, Mutsu, Ne- 
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muro, and lyo (eaeh 3 times). Kazusa, Awa, Musasbi, Kai, 
Mino, Ise, Tosa, Iwami, Bungo, Toshima, Issu, Suruga, Eehigo, 
Iwaki, Uzen, Rikuehu, Iburi, Teshio, Mikawa, Owari, Shima, 
Omi, Tanba, Izumo, Awa (p} ^), Higo, Hiuga, and Osnmi 
were severelv shaken onee or twiee. 

The most severe was that whieh shook Eehigo on the 22nd 
of July. The next one was ihat whieh shook Musashi and 
Sagami, on January i^th: that in Shimosa on September 
5th was the next ; and then that in Owari on February 
2nd. Of these the most serious one opened the ground and 
threw down or damaged houses. Slighter ones made eraeks 
in the walls, damaged furniture, or eaused liquor to overfiow 
from vesse]s, ete. 

Aprokimate Position of Skismig Origins. 

Fig. II. at the end of the ^rfeport refers to the 483 dis- 
turbanees in 1887, and indieates the origin of eaeh 
disturbanee. But as stated last year, it is very difficult 
to determine the origin of seismie disturbanees with aeeuraey 
and therefore we only approximateIy indieate it by a small 
eirele. The number whieh is inserted in the eireles denotes 
the number oi seismie disturbanees whieh we assume to 
have originated within the area it eneloses. But though the 
origins of disturbanees whieh oeeurred on land are somewhat 
trustworthy, it is impossible to know whether the origins of 
those whieh oeeurred in the sea are within the eirele or some 
miles outside then\. 

We will now give a general sketeh of the year 1887 from 
Fig. II. In Honshu, most of the origins are to the east of Kai, 
Shinano, and Eehigo, and to the south of Rikuehu. In Hokkai- 
do, most of them are in the sea towards the east, and in the west- 
ern part of Hokkaido it is likely that they are near the eoast. 
West of Ghugoku, most of them are in the Bay of Kagoshima, 
next to it in the Strait of Kii, and next to it in the Bay of Owari. 
In general, the origins are numerous in the Southern and 

H 
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Eastern Seas and near the eoast. But few oeeur in the Japan 
Sea and near its eoast. 

Shimotsuke, Shitaehi, Shimosa, and Musashi had the great- 
est number of origins. Here there were 58. Next to this is 
Tokyo Bay with 37 ; next to that the eastern sea of Nemuro 
with 30. None of the oihers had over 16. 

About the disturbanees whieh had their origin in the sea 
and wide areas, i had its origin in the Sea of Shikoku 
and Kiushu (this disturbanee had the greatest area); i in the 
Bay of Owari ; 8 in the sea of Shitaehi and Iwaki ; 3 in the sea 
of Shimosa and Shitaehi ; i in the sea of Rikuzen, and Riku- 
ehu, while in the Strait of Tsugaru, in the eastern sea of Ne- 
muro, and in Tokyo Bay, taken together there are 22. 

As to the disturbanees whieh had their origins beneath the 
land, 2 oeeurred in Sagami, i in Shimotsuke and Iwaki, i in 
Eehigo, in Musashi, and in Izumo ; total 6. 

Thirteen of those whieh oeeurred in the sea and on the sea- 
shore were severe. Of those whieh oeeurred on land 14 were 
severe, 2 espeeially, whieh oeeurred in Eehigo and Sagami, 
were very severe. Thus we see that the number of disturb- 
anees is less than that of 1886. 

Besides these, as we see in Fig. II., the origins of the 
disturbanees are dispersed in many plaees. As it is useless 
trouble to give them exactly, we will here satisfy ourselves with 
eomparing their number with that of 1886 in the following 
table : — 

Whole Large Dis* Moderate Small Dis- Total 

Year. No. turbanees. Disturbanees. turbanees. Sum. 

Those whieh' 



oeeurred beneath f 1886 
the sea or along T 1887 
the eoast. J 


228 
302 


15 
36 


50 
76 


163 
190 


228 
302 


Those whieh *) 1886 
oeeurred on land. 3 1887 


244 
181 


II 
14 


70 

34 


163 
133 


244 
181 


T . 1 l 1886 
Total sum. | ^gg^ 


472 
483 


26 
50 


120 

IIO 


326 
323 


472 
483 


More or Less. This year. 


M. 
II 


M. 
24 


L. 
10 


L. 

3 


M. 
I I 



MADE IN JAPAN DURING THE YEAR 1889. II5 

From the above table, we see ihat large disturbanees were 
more numerous in 1887 than in 1886, and moderale disturb- 
anees were less. 

Relation of Earthquakks to Volcanoks. 

In eonsidering the relationship of earthquakes to Yoleanoes, 
we see as was pointed out last year, provinces whieh are 
many miles distant from volcanic ranges, sueh as Musashi, Ka- 
zusa, Shimosa, Kotsuke, Shimotsuke, and Shitaehi, have many 
earthquakes every year. Of the provinces whieh have vol- 
eanoes within them, those whieh are shaken by many earth- 
quakes are the eastern parts of Mutsu, and the eentral part of 
Satsuma. Of the provinces whieh are far off from volcanoes, 
those whieh have many earthquakes are the south-eastern part 
of Nemuro, the western parts of Kii and lyo, the eentral part 
of Aki, and the eastern parts of Iwami, Mikawa, and Owari. Be- 
sides, it seems that, in the provinces surrounded by volcanoes, 
earthquakes are equally searee every year. The eentral 
part of Eehigo and Sagami, whieh are near to volcanoes, 
eaeh beeame the origin of strong and serious disturbanees, 
ereating damage. (See Fig. III. No. 4, and the report of 
June 22nd). In short, in some plaees though there are many 
volcanoes, earthquakes seldom oeeur. In others, both earth- 
quakes and volcanoes are few. And there are some plaees 
where there are voIcanoes, but the disturbanees do not spread 
and are limited to a partieular spot. 

The sign ^^ in Fig. I. at the end of the report denotes 
Yoleanoes whieh are active. The sign Z^ denotes those whieh 
show no sign of activity. 

MONTHLY ReYIKW 0F EaRTHQUAKKS. 

JANUARY. 

The whole number of earthquakes in January was 41 ; or on 
the average one for every 18 hours 9 minutes. 

Nemuro in Hokkaido; Rikuzen, Rikuehu, Mutsu, Ugo, Iwa- 
ki, Iwashiro, the 8 provinces of Kanto, Eehigo, Shinano, Kai, 
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Suraga, Izu, Totorai, Mikawa, Owari, Mino, Hida, Ise, Kii, 
Mimasaku, Bizen, Bitehu, Bingo, Hoki, Izumo, Iwami, Aki, 
Suo and Nagato in Honshu, the whole of Shikoku ; and Buzen, 
Bungo, Hizen, Higo, Hiuga, Osumi, and Satsuma in Kiushu 
were more or less af!ected by large and small disturbanees. 

The plaees whieh were most shaken were Shimosa, 
Musashi, Shitaehi, Iwaki, Kazusa, and Shimotsuke. They 
were shaken from 5 to 9 times. Next to them are Kai, 
Shinano, Awa, Izu, Sagami, Suruga, Kozuke, Totomi, Mino, 
Aki, Hiuga, Osumi, and Satsuma, shaken 3 or 4 times. All 
the rest were not disturbed more than twiee. 

Of 41 disturbanees, 6 were strong; that is i through Tosa, 
lyo, and Bungo ; i through Sagami, Musashi, Kazusa, Shimo- 
sa, Kotsuke, Shinano, Kai, Suruga, Izu, and Awa; i through 
Sagami and Shinano ; i in Higo, lyo, and Rikuzen. The rest 
were all faint and slight. 

The sum of the areas of the disturbed plaees is 23,200 
square r/. Of all the disturbanees, those whieh had an 
area of between 100 and 1,000 square ri are 8; those 
whieh had an area between 1,000 and 500 square ri are 
7; and the one whieh shook the greatest area was that 
of the i5th. It shook 21 provinces viz,i Iwaki, Iwa- 
shiro, Rikuzen, Eehigo, Shinano, Kai, Suruga, Izu, Toto- 
mi, Mikawa, Owari, Mino, and Hida). In Sagami and 
the south-eastern eorner of Musashi, houses were damaged. 
The area shaken was 5,360 sq. ri, 

KEBRUARY. 

The whole number of earthquakes inFebruary was 58, thatis 
at the rate of i per 11 hours 35 minutes. 

Nemuro and Toshima in Hokkaido ; Rikuzen, Uzen, Iwa- 
shiro, Iwaki, Shitaehi, Kazusa, Shimosa, Kotsuke, Shimotsuke, 
Shinano, Etehu, Musashi, Sagami, Izu, Suruga, Kai, Totomi, 
Mikawa, Owari, Mino, Ise, Shima, Iga, Omi, Echizen, Kaga, 
Yamashiro,' Yamato, Settsu, Izumi, Kawaehi, Kii, Tamba, 
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Tango, Tajima, Inaba, Harima, Mimasaka, Hoki, Bizen, and 
Aki in Honshu ; lyo and the Island of Awaji in Shikoku ; 
Hiuga, Satsuma, Chikuzen, and Hizen in Kyushu were more or 
less af¥ected by disturbanees. 

The plaees whieh were shaken most were I^'o, Mino, Owari, 
Mikawa, Ise, Shimotsuke, Omi, and Shitaehi. They were dis- 
turbed from 5 to 8 times. Next to them were Musashi, Iwaki, 
Rikuzen, Yamato, Yamashiro, Wakasa, Tamba, Tango, Settsu, 
and Kii, whieh were shaken 3 or 4 times. The others were 
shaken not more than twiee. 

Of 58 disturbanees, only i whieh was f§lt ihroughout Owari, 
Mikawa, Mino, Ise, Omi, Shima, Totomi, Shinano, and Iga, 
was strong. The others were slight. 

The sum of the areas of the disturbed plaees is 16,270 sq. 
r/. Of all the disturbanees during this month, the areas of 10 
exceeded 100 sq. ri, Five exceeded 1,000 sq. r/. 

The one whieh disturbed the greatest area was that of the 2nd. 
It was felt through Musashi and Shinano in the east ; through 
Kii, Awaji, Bizen, and Hoki in thewest; throughthe province8 
from Kii to Musashi in the south; and through the provinces 
from Kaga to Hoki in the north. Its area was 5,930 sq. ri, 

MARGH. 

The whole number of earLhquakes during this month was 
30, that is at the rate of i per 24 hours 48 minutes. 

Ishikari in Hokkaido ; Rikuehu, Ugo, Rikuzen, Iwaki, Iwa- 
shiro, Shimotsuke, Kazusa, Shimosa, Musashi, Sagami, Kai, 
Eehigo, Shinano, Mikawa, Kii, Bizen, Bitehu, Bingo, Aki, 
Iwami, and Suo in Honshu ; Tosa and lyo in Shikoku ; and 
Hiuga, Salsuma, Higo and Hizen in Kyushu, were more or 
less affected by disturbanees. 

The plaees whieh had most disturbanees were Musashi and 
Eehigo. Thenumberof disturbanees was 3. The other plaees 
were not disturbed more than twiee. 
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Of 30 disturbanees, 2 were strong, one in Ishikari and 
one in Iwami. All the rest were slight. 

The sum of areas of the disturbed plaees was 3,200 sq. ri ; 
7 of them shook over 100 sq. ri ; and none more than 1,000 
sq. r/. 

The greatest area was shaken on the 2ist. It was felt 
throughout Bitehu, Bingo, Iwami, Aki, and Suo. Its areawas 
620 sq. ri, 

APRIL. 

The whole number of disturbanees in ihis month was 29, that 
is I per 24 h. 50 m.. 

Nemuro and Kushiro in Hokkaido ; Mutsu, Ugo, Rikuzen, 
Iwashiro, Iwaki, Kotsuke, Shimotsuke, Musashi,* Sagami, 
Kazusa, Shimosa, Awa, Shinano, Totomi, Mikawa, Mino, 
Kaga, Echizen, Owari, Shima, Ise, Iga, Omi, Wakasa, Yama- 
shiro, Yamato, Settsu, Izumi, Kawaehi in Honshu ; the whole 
of Nankai Do ; the whole of San-in Do (Oki excepled) ; 
the whole of San-yo Do and of Kyushu were affected by 
disturbanees. 

Of these disturbanees, 8 were in Musashi, 3 in Iwaki, 
Shimotsuke, Kii, and in Bitehu ; in all other plaees not more 
than two disturbanees were reeorded. 

Only one was severe. It was felt throughout Tosa, lyo, 
Bungo, Huga, and Osumi. The rest were slight. 

The sum of the areas of ihe disturbed plaees was 12,310 
square ri. The disturbanees whieh had areas between 100 
and 1,000 square r/ numbered 6; those whieh had areas of 
more than 1,000 square r/, 3. 

The disturbanee whieh had the greatest area was that whieh 
oeeurred on 291^ through Yamashiro, Yamato, Izumi, Settsu, 
Kawaehi, San-in Do (Oki excepted), San-yo Do, Nankai Do, 
Kyushu, Wakasa, Echizen, Omi, Mino, Kaga, Owari; Iga, 
Ise and Shima. The area shaken was 7,860 square r/. Its 
intensity was strongest in the eastern parts of Kyushu, and 
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soulh-western parts of Shikoku, though not so intense as to 
damage (urniture. This is the greatest area we have notieed 
ever sinee the reports of seismometrieal observations in the 
Empire were eommeneed. 

MAY. 

The whole number of earthquake6 experienced during this 
month was 60, ihat is at the rateof i per 12 hours 24 minutes. 

Nemuro, Kushiro, Hidaka, Iburi, and Toshima in Hokkai- 
do ; Rikuzen, Rikuehu, Mutsu, Uzen, Ugo, Iwaki, Iwashiro, 
the 8 provinces of Kanto, Kai, Eehigo, Mikawa, Mino, Owari, 
Ise, Kawaehi, Kii, Harima, and Ise in Honshu ; Awa and lyo 
in Shikoku ; the whole Island of Awaji. In Kyushu only 
Hiuga was affected. 

The plaee whieh had most disturbanees was Musashi (10); 
next to it Nemuro, Mutsu, and Rikuzen (eaeh 6 or 7); and 
next to them were Iwaki, Shimotsuke, Ugo, andShimosa (eaeh 
from 3 to 5). The other plaees had no more than 2. 

Of all the disturbanees, 6 were strong; that is, i in Rikuehu; 
I through Nemuro and Kushiro ; 2 through Mutsu and Toshi- 
ma ; i in Shimotsuke ; i through Rikuzen, Uzen, Shimotsuke, 
and Shitaehi. The rest were slight. 

The sum of the areas of the disturbed plaees was together 
13,220 square ri, Pourteen shook areas between 100 and 
1,000 square ri ; two more than 1,000 square ri, The earth- 
quake on the 29th shook the greatest area. It reaehed to 
Mutsu in the north, and to Awa, Musashi, and Kai in the 
south. The area shaken was 4,360 square ri, 

JUNE. 

The whole number of earthquakes this month was 38, that is 
at the rate of i per 18 hours 57 minutes. 

Nemuro in Hokkaido; Mutsu, Rikuzen, Iwaki, Iwashiro, 
Shitaehi, Kazusa, Shimosa, Kotsuke, Shimotsuke, Musashi, 
Eehigo, Shinano, Mikawa, Owari, Mino, Kaga, Echizen, 
Shima, Ise, Kii, Settsu, Kawaehi, Yamashiro, Tanba, Hoki, 
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Izamo, and Aki in Honshu ; Tosa and lyo in Shikoku ; and 
Bango, Higo, Hiuga, and Osumi in Kyushu were affected by 
disturbanees. 

The plaees whieh had most disturbanees were Musashi 
and Shimotsuke (from 5 to 7). All other plaees did not 
feel more than 2. 

• Of the 38 disturbanees 2 were strong ; that is, i in Tanba 
and I in Ise. The rest were all slight. 

The sum of the areas of the disturbed plaees was 5,920 square 
rz. Nine shoeks were felt over areas from 100 sqtiare ri to 
1,000 square r/. One extended over more than 1,000 square 
ri. It oeeurred on the 20th, and the shoek was felt over aa 
area of 1,470 square ri. 

It was felt as far as Rikuzen and Iwaki in the north to 
Musashi, Shimosa in the south, to Kotsuke in the west, and 
to the sea in the east. 

JULY. 

The whole number of earthquakes this month was 38, that is 
at the rate of i per 19 hours 35 minutes. 

Nemuro, Hidaka, Iburi, Teshiro, Shirieshi, and Toshima in 
Hokkaido; Mutsu, Rikuzen, Uzen,Ugo, Sado, Eehigo, IwashirO) 
Iwaki, the 8 provinces of Kanto, Kai, Izu, Shinano, Etehu, 
Noto,Hida, Kii, Bizen, and Iwami in Honshu; Hiuga, Satsuma, 
and Hizen in Kyushu were affected more or less by disturb- 
anees. There were no reports from Shikoku. 

The plaees affected by most disturbanees were Teshiro, 
Nemuro, and Iwami (eaeh from 5 to 7) ; next to them Shitaehi, 
Musashi, Shimotsuke, Iwaki, and Kii (eaeh 3 or 4); and others 
not more than 2. 

Four of the disturbanees were slrong, that is, i in Kii, i 
through Mutsu and Iburi, i in Teshiro and in Eehigo. The 
rest were slight. 

The sum of the areas of the disturbed plaees was 13,290 
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square ri; seven shook areas from 100 to 1,000 sqaare r/, and 
4 of ihem more than ijOOO.square r/. 

The greatest shoek oeeurred on the 22nd. It reaehed to 
Ugo in the north ; to Musashi in the south ; to the Paeiiie and 
Nippon Sea in the west and east. The area was 4,200 square ri. 
In the eentral part of Eehigo houses were thrown down and the 
ground was eraeked. 

AUGUST. 

The whole number of earthquakes this month was 35, that is 
at the rate of i per 21 hours 15 minutes. 

Nemuro, Kushiro, Tokaehi, Hidaka and Toshima in Hok- 
kaido ; Mutsu, Rikuzen, Uzen, Iwashiro, Iwaki, Kotsuke, Shi- 
motsuke, Shitaehi, Kazusa, Shimosa, Musashi, Eehigo, Mino, 
Mikawa, Kii, Harima, Inaba, £izen, Mimasaka, Bitehu, Bingo, 
Hoki, Izumo, Aki, Iwami, and Suo ; Tosa in Shikoku ; and 
Bungo, in Kyushuwere affected by disturbanees. 

The plaee whieh felt most disturbanees was Nemuro (5) ; 
next to it was Bizen (3) ; all other plaees not more than 2. 

Two of the disturbanees were strong; one through Shimo- 
truke and Iwaki, one through Izumo and Iwami. All the others 
were slight. 

The sum of the disturbed plaee was 7,820 square r/. The 
disturbanees whieh had an area of more than 100 ri were 4 ; 
those whieh had more than 1,000 square ri were 3. The dis- 
turbanee of the greatest area was that of the i^th, 2,270 square 
ri ; it was felt in Iwaki, Kotsuke, Shimonoseki, Kazusa, Shi- 
mosa, Shitaehi, Musashi, Iwashiro, Uzen, and Rikuzen. 

SEPTEMBER. 

The whole number of earthquakes this month was 43, 
that is at the rate of i per 16 hours 45 minutes. 

Nemuro ^nd Teshio in Hokkaido ; Mutsu, Rikuzen, Riku- 
ehu, Uzen, Ugo, Iwaki, Iwashiro, the 8 provinces of Kanto, 
Izu, Suruga, Kai, Shinano, Eehigo, Mikawa, Owari, Omi, 
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Yamashiro, Yamato, Izumi, Kawaehi, Seltsu, Kii, Iwami, Aki, 
and Nagato ; Tosa and lyo in Shikoku ; and Hiuga, Higo and 
Bungo in Kyushu were affected by disturbanees. 

The plaees whieh were af¥ected most were Musashi, Kazu- 
sa, Shimosa and Shimotsuke (eaeh from 6 to 9) ; next to them 
eome Shitaehi, Iwaki, Rikuzen, Sagami, Kotsuke, Iwashiro 
and Kii (eaeh from 3 to 5) ; other plaees not more than twiee. 

Two of the disturbanees were strong : one through Kazusa, 
Shimosa, Shitaehi, Awa, Musashi, Kotsuke, Shimotsuke, and 
Sagami ; the other through Shimosa and Shitaehi. The others 
were slight. 

The sum of the area of the disturbed plaees was 14,580 sq. 
r/. Ten of the disturbanees were felt overareas of from 100 to 
1,000 sq. ri\ 4 were felt over an area of more than 1,000 sq. n. 
The disturbanee of greatest area oeeurred on the 5th and shook 
5,500 sq. r/. It was felt through Suruga, Kai, Izu, the 8 pro- 
vinces of Kanto, Shinano, Iwashiro, Iwaki, Eehigo, Uzen, Ugo, 
Rikuzen, and Rikuehu. The eastern part of Shimosa was most 
severely shaken. 

OeTOBER. 

The whole number of the disturbanees during this month was 
20, that is at the rate of i per 37 hours 12 minutes. 

Nemuro and Kushiro in Hokkaido ; Iwaki, Shitaehi, Totomi, 
Mino, Yamashiro, Hoki, Bingo, Aki, and Suo ; also lyo and 
Tosa in Shikoku were affected by disturbanees. There were 
no disturbanees in Kyushu. In no other month were the 
plaees of disturbanee so few. 

The plaees whieh were disturbed most were Shitaehi and 
Shimotsuke (eaeh 3), other plaees not more than twiee. 

All the disturbanees were slight. 

The sum of the areas of the disturbed plaees was 2,680 square 
ri ; 6 of the disturbanees extended over areas of more than 
100 square ri\ and none of them over more than 1,000 square 
r/. The greatest area of disturbanee was thAt of the 27th 



MADE IN JAPAN DURING THE YEAR 1889. 123 

(820 square ri), It disturbed Shitadii, Shimosa, Shimotsuke, 
and Iwaki. 

NOYEMBER. 

The whole number of the earthquakes this month was 35, 
that is at the rate of i per 20 hours 34 minutes. 

Nemuro, Kushiro, and Toshima in Hokkaido; Mutsu, Iwa- 
ki, Iwashiro, the 8 provinces of Kanto, Suruga, Kai, Shinano, 
Mikawa, Ise, Kii, Izumi, Settsu, Harima, Inaba, Bizen, 
Bitehu, Bingo, Aki, Mimasaka, Hoki, Izumo, Iwami, and Suo ; 
the whole of Shikoku (Awaji ineluded), Buzen, Bungo, Higo, 
Hiuga, and Satsuma in Kyushu were affected by disturbanees. 

The plaees whieh were affected most, were Musashi, Shi- 
mosa, and Shimotsuke (5 or 4) ; next to them Shitaehi and 
Iwami (3) ; other plaees not more than twiee. 

The strongest disturbanee was one whieh oeeurred in Ne- 
muro. The others were slight. 

The area of the disturbed plaees was 11,950 sq. rt, The 
areas of 6 of the disturbanees were between 100 and 1,000 sq. 
r/'. Three exceeded 1,000 sq. r/. The earthquake whieh 
shook the greatest area was that of the i6th. It was felt 
through Kii, Izumi, Settsu, Harima, Inaba, Mimasaka, Hoki, 
Bizen, Bitehu, Bingo, Izumo, Aki, Imami, Suo, Awaji, the 
whole of Shikoku, and Bungo. The disturbed area was 2,790 
square r/. 

DEGEMBER. 

The whole number of the earthquakes this month was 56, 
that is at the rate of i per 13 hours 17 minutes. 

Nemuro and Kushiro in Hokkaido ; Mutsu, Rikuzen, Riku- 
ehu, Ugo, Iwaki, Shitaehi, Kazusa, Shimosa, Musashi, Ko- 
tsuke, Kai, Sagami, Shinano, Eehigo, Owari, Mino, Omi, Ise, 
Kii, Suo, Iwami, and Nagato in Honshu ; Buzen, Hiuga, and 
Satsuma in Kyushu were affected. 

The plaees whieh were affected by most disturbanees during 
this month were as folIows Musashi (14); next Shimotsuke, 
Mutsu, Kazusa (eaeh 5 or 6); next to them Shitaehi, Kazusa, 
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Ugo, Iwaki, and Satsuma (eaeh 3 or 4^ ; and other plaees nol 
more than 2. 

Of all the disturbanees only i, in Mino, was strong; the 
others were sHght. 

The sum of the disturbed areas was 9,390 square ri; ten of 
the disturbanees were felt over areas of between 100 and 1,000 
8quare ri eaeh; 3 over more than 1,000 square ri; the greatest 
shaken area was that of llie dislurbanee of ihe i6th (2,260 
square ri). It was felt through Musashi, Kazusa, Shimosa, 
Shitaehi, Iwaki, Kotsuke, Shimotsuke, Kai, and Sagami. 

Typigal Earthquakks. 
The foIlowing are disturbanees requiring speeial notes. 

I a.m., January 28th. 

A slight shoek in the eentral part of Satsuma (Kagoshima 
Gori). The shaken area was 10 square ri. There were 11 
disturbanees in this plaee during the year. 

4 p.m., Pebruary 5th. 

Felt through Owari, Mikawa, Mino (southern part), Ise, 
Omi (eastern part), and Shima. Shaken area, 830 square 
ri. Slight disturbanee. The origin seemed to be in the Bay 
of Owari. There were more than 10 disturbanees in the 
same distriet during this year. 

II a.m., April 29th. 

The plaees whieh were most severely affected were ihe 
eastern parts of Shikoku. The area was nearly 7,860 square 
ri. In other plaees there were but slight disturbanees. As 
no report has eome of the damage to houses or even to 
furniture from any plaee, we see that the distutbanee was not 
of great severity, though there has been no olher disturbanee 
whieh had so great an area, sinee seismometrieal observations 
were begun. The origin of this disturbanee seems to have 
been far ofif in the sea of Shikoku and Kyushu. 
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8.30 p.m., [uly 22nd. 

The disturbanee on ihis day reaehed to the southern part of 
Ugo in the north; lo the southern part of Musashi in the south ; 
and to the Paeide Oeean and Nippon Sea in the east and west. 
Its area was about 4,4CX) square r/. The greatest disturbanee 
was in the eenlral part of Eehigo (anarea, 230 squareri), of 
whieh 20 or 30 square ri in Koshi Gori and the north-western 
neighbouringdistriets we reaffected most severely. Espeeially 
in Koshi Gori, old and new dozo (store houses built of mud), 
were eraeked and many walls fell ; some temples and dozo 
were moved from 2 to 5 inehes to the south. Some houses 
were thrown down or greatly daraaged, and one person was 
injured. There were many hundred fissures in the ground, 
some of whieh were 3 feet wide, and water and sand 
were thrown out covering the ground to a depth of about i 
foot. Most of the wells threw out sand so that they were 
wholly covered, many of them to a depth of 3 feet. 
Only a few of them were undisturbed. Some of these dis- 
turbed wells are now as good as originally, but some are not. 
In some plaees, eruptions of water from the eraeks in the 
ground did not stop for over ten days. 

Next to Koshi Gori, were Mishi Gori and South Kambara 
Gori. In Mishima Gori, some dozo were moved out of posi- 
tion. The walls of most of the houses and stores were eraeked, 
and many of them werebroken. On the bank of the Shinano 
River there were 7 fissures, some of them 5 inehes wide. 

In South Kambara Gori, the villages in the neighbourhood 
of Koshi Gori were most strongly affected, and some buildings 
W6re thrown out of position; housesand stores were damaged ; 
and eraeks 15 fathoms long and 8 inehes wide were formed. 
There were many small eraeks along the banks of the rivers. 

In the neighbourhood of Mishima Gori, mueh furniture 
was damaged ; dozo were eraeked and a few broken, most 
houses were thrown outof the perpendieular from 3 to 5 inehes. 
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Some of the iissures were 20 fathoms long, from whieh blae 
sand was thrown out. 

Of the above plaees, the Yillages on the side of the Shinano 
River seem to have been affected most strongly. 

Besides these, in the north (Onuma Gori) dozo and house- 
walls were eraeked and furniture was overthrown ; in Niigata 
the shoji were thrown out and damaged. On the Shinano 
River waves were produeed and the water beeame muddy; 
wells were also rendered muddy. The direetion of ihe waves 
in the surroundingsea of Niigata, whieh had been to the nortb- 
west, ehanged to the south-west. 

At about I a.m., July 23 rd last year, there oeeurred a strong 
disturbanee in the vicinity of East Kubiki Gori in Eehigo, Takai 
Gori, and Minauehi Gori in Shinano. Its area was 1,210 square 
ri less than that of the disturbanee of this year, but the violently 
shaken area was 1,448 square ri more. Though it was not so 
strong as the earthquake of this year, it did some damage. 

The loeations of the most severely shaken distriets affected 
by the two earthquakes were in some respeets the same. 
Moreover, strange to say, the disturbanee of this year oeeurred 
at 8.30 p.m. July 2 2nd, and that of last year at about i a.m. 
July 23rd, so the difference of the time of the oeeurrenees 
was only 5 or 6 hours. It is also strange that in spite of the 
seareity of earthquakes in these plaees, during two sueeeeding 
years in the same intensely hot season they experienced sueh 
disturbanees. It is said that the disturbanee of this year was 
the strongest that has shaken Eehigo sinee the 2nd year of 
Ansei (1854) or 33yearsago. And, indeed, it is the strongest 
that ever disturbed the Empire sinee the i8th year of Meiji 

(1885). 
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Reeorded by the Gray-Milne Seismograph at the Imperial 
Meteorologieal Observatory (Ghiri Kioku), Tokio. 

For the first portions of this Gatalogue see Trans. Seis. Soe. 
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100-108 ; Vol. X. pages 97-99- 
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IX. 


6 


4 9 25 a.m. 


very 


slight 


— 


— 


855 


IX. 


10 


9 22 a.m. 


very 


slight 


— 


— 


856 


IX. 


II 


83454»."!. 


0.4 


0.4 


E.-W. 


25 








vertical motion 


sli 


ght 


— 


— 


857 


IX. 


18 


2 45 39a.m. 


sli 


ght 


E.-W. 


30 


858 


IX. 


24 


5 24 30 a.m. 


very 


slight 


E.-W. 


20 


859 


IX. 


24 


5 37 13 P.m- 


very 


slight 




— 


860 


IX. 


28 


7521 a.m. 


very 


slight 


E.-W. 


30 


861 


X. 


9 


I 7 55 a.m 


sli 


ght 


— 


— 


862 


X. 


10 


4 20 24 p.m. 


sli 


ght 


— 


30 


863 


X. 


12 


7 40 56 a.m. 


sli 


ght 


— 


— 


864 


X. 


20 


6 15 16 a.m. 


0.5 


1.2 


N.N.E.-S.S.W. 


2 








vertical motion 


0.5 


0.5 


— 


— 


865 


XI. 


2 


I 48 I p.m. 


0.8 


0.3 


E.-W. 


I 


866 


XL 


3 


51 14 a.m. 


0-5 


0.3 


E.-W. 


I 30 








vertical motion 


sli 


ght 


— 




867 


XI. 


3 


8 13 33 a.m. 


0.4 


1.9 


S.W.-N.E. 


4 30 
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No. 



868 
869 
870 

871 
872 

873 
874 

875 
876 

877 
878 

879 
880 

881 
882 

883 

884 
885 
886 
887 
888 
889 
890 

891 

892 

893 
894 

895 
896 

897 

898 

899 
900 

901 

902 

903 

904 

905 
906 

907 

908 



• 




JS 




G 



Day. 


s 


5 


XI. 


XI. 


6 


XI. 


7 


XI. 


10 


XI. 


16 


XI. 


20 


XI. 


22 


XI. 


23 


XI. 


24 


XI. 


25 


XII. 


3 


XII. 


6 


XII. 


16 


XII. 


28 


I. 


I 


I. 


I 


I. 


3 


1. 


12 


I. 


27 


II. 


5 


II. 


6 


II. 


9 


II. 


15 


II. 


18 


II. 


18 


II. 


18 


II. 


18 


II. 


18 


II. 


19 


II. 


20 


II. 


21 


II. 


21 


II. 


21 


II. 


21 


II. 


23 


III. 


3 


III. 


4 


III. 


18 


III. 


21 


III. 


26 


III. 


28 



Time. 



H. M. S. 

vertical motion 

4 22 55 a.m. 
43837 a.m. 

10 27 34 p.m. 
I 37 44 p.m. 
o 42 52 a.m. 

53 29 a.m. 

1 27 43 p.m 

5 13 30 p.m. 

2 3 23 a.m. 
4 50 15 p.m. 

24 47 p.m. 
7 27 42 a.m. 

4 19 3 a.m. 

3 28 4 a.m. 

1889. 

3 4 50 p.m. 
vertical motion 

7 5 30 p.m. 
vertical motion 

7 58 6 a.m.. 

8 34 3 p.m. 
2 28 47 p.m. 

2 27 39 p.m. 

3 20 5 p.m. 
7 41 38 a.m. 

5 14 3 p.m. 

6 9 32 a.m. 

vertical motion 

6 27 45 a.m. 

7 48 52 a.m. 
ab.8 2 o a.m. 

10 10 56 a.m. 

2 57 43 P-»"- 

9 i9 37pm. 

5 52 21 a.m. 

8 19*23 a.m. 

11 I 4 a.m. 

9 27 52 p.m. 
II 27 21 p.m. 

4 35 19 P-m. 
7 24 25 a.m. 

6 41 12 a.m. 
6 09 23 p.m. 
2 41 48 p.m. 

1 20 10 a.m. 
vertical motion 



c 




' 


• 

a 


"S 


Ampli- 







.2 g tude in 


Direetioii. 


♦* 


4; 


mm. 




3 


Oi 






Q 








M. 8, 


04 


0.5 


— 





very 


slight 


— 





2.2 


0.2 




3 


3-5 


0.5 


E.-W. 


4 


1.8 


0-3 


W.N.W.E.S.E. 


I 30 


very 


slight 


— 




0.9 


0.2 


E..W. 


2 30 


very 


slight 


— 


— 


very 


slight 


— 


— 


1.4 


0.4 


N.W.-S.E. 


4 


0.5 


0.2 


E. W. 


15 


1.8 


0.2 


S.E.-N.W. 


2 


very sliglit 




— 


sliglit 


S.-N. 


20 


1-7 


0.2 


E.W. 


35 


0.3 


0.5 


S.W.-N.E. 


12 


very 


slight 




^H^ 


0.15 


i.i 


S.W.-N.E. 


I 55 


0.3 


0.5 




— 


1-5 


0.8 


E.-W. 


2 


very 


slight 


— 


— 


very 


slight 


— 


— 


sli 


ght 


S.-N. 


5 


sli 


ght 


E. W. 


2 


very 


slight 


S.-N. 


10 


very 


slight 


— 


— 


2.2 


20.3 


(N.W.-S.E. 
S. 42° 10' E. 


6 12 


0.6 


3-7 




— 


— 


0.2 


S.W.-N.E. 


2 


sli 


ght 


E.-W. . 


2 


very 


slight 


— 


— 


sli 


ght 


S.E.-N.W. 


30 


sli 


ght 


S.-N. 


15 


very 


slight 


— 


— 


sli 


ght 


E.-W. 


15 


sli 


ght 


S.-N. 


20 


very 


slight 




30 


sli 


ght 


S.-N. 


15 


sli 


ght 


S.-N. 


13 


— — 


0.2 


E..W. 


30 


sli 


ght 


— 


— 




— 


S.-N. 


— 


— 


— 


— 


■— 


0.6 


4.1 


E.S.E.-W.N.W. 


I 30 


0.3 


0.6 


— 


— 
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No. 


• 

g 


Day. 


Time. 


riod in 
see. 


AmpU- 
tude in 


Direetion. 


• 

S 

"S 




Z 








mm. 




9 

Q 


909 


III. 


28 


U. M. s. 

10 22 55 a.m. 


0.5 


0.5 


S.E.-N.W. 


M. 8. 
I 15 




• W V 




vertical molion 


0.4 


O.I 


_^_ 


910 


III. 

III. 


28 


7 18 23 p.m. 


0.2 


0.2 


E.-W. 


20 


911 


31 


6 42 15 a.m. 


25 


3-8 


S.S.E.-N.N.W. 


4 00 




V V w 




vertical motion 


0.6 


0.2 


- 


m^ ww 


912 


III. 

III. 


31 


8 13 03 a.m. 


very 


slight 


— 


^^^ 


913 


31 


5 59 42 p.m. 


.0.7 


1.2 


S.W. N.E. 


2 00 




IV. 




vertical molion 


very 


slight 


^^ 




914 


3 


4 27 21 p.m. 


0.7 


15 


S.E.-N.W. 


I 30 




* V V 




vertical motion 


03 


0.2 


_^_ 


9^5 

^ 


IV. 
IV. 


3 


4 40 51 P«"- 


very 


slight 


■_ 


, 


916 


6 


7 40 13 a.m. 


0.5 


0.3 


S.W.-N.E. 


50 




• V V 




vertical motion 


very 


slight 


—^ 


v# 


917 


IV. 

9 W 9 


8 


48 00 p.m. 


very 


slight 


_^. 


^w^ 


918 


IV. 

* V r 


14 


5 22 54 a.m. 


very 


slight 




, 1 


919 


IV. 

V V r 


17 


9 41 43 Pm 


very 


slight 


— 


, 


920 


IV. 


18 


2 07 42 p.m. 


I.O 


0.8 


E.S.E.-W.N.W. 


^^^ 








vertical motion 


0.7 


0.2 


1 


1 


921 


IV. 


18 


2 54 II p.m. 


very 


slight 


_ 


- 


922 


IV. 

* V T 


18 


3 39 08 p.m. 


0.9 


03 


S.E.-N.W. 


- 


923 


IV. 

V « y 


18 


4 00 01 p.m. 


very 


slight 


.— 




924 


IV. 

■ ■ V 


19 


18 46 a.ra. 


very 


slight 




, 


925 


IV. 


19 


2 29 19 a.m. 


very 


slight 




^mmmm 


926 


IV. 


29 


3 00 27 p.m. 


0.6 


0.2 


S.W.-N.E. 


50 


927 


IV. 

T « V 


29 


5 50 39 Pm- 


0.6 


0.2 


E.-W. 


I 30 


928 


IV. 

T V y 


29 


10 53 55 P.m. 


very 


slight 


mmm. 





929 


IV. 

T « V 


20 


45033 P.m- 


very 


sliglu 


—. 


_ 


930 


IV. 


28 


3 07 43 a.m. 


sli 


giit 


E.^W. 


30 








vertical motion 


very 


slight 


^_ 


*J 


931 


IV. 


29 


I 56 28 a.m. 


sli 


ght 


E.-W. 


20 




w • 




vertical moiion 


very 


slight 


_- 




932 


V. 


6 


II 41 41 p.m. 


0-5 


0.4 


S.S.W.-N.N.E. 


I 00 








yertieal motion 


very 


slighl 


__ 




933 


V. 


8 


5 05 34 a.m. 


sli 


ght 


S.-N. 


30 








vertical motion 


Slight 


shoek 


__ 


v^ 1 


934 


V. 


8 


24 07 p.m. 


very 


slight 


_ 


1 


935 


V. 


12 


10 42 II a.m. 


2.0 


0.6 . 


S.S.E.-N.N.W. 


2 00 1 


936 


V. 


17 


6 39 15 a.m. 


very 


slight 


_ 




937 


V. 


17 


8 34 25 a.m. 


very 


slight 


— _ 


— 1 


938 


V. 


17 


9 20 35 a.m. 


very 


slight 


— — 


1 


939 


V. 


17 


9 39 37 a.m. 


very 


slight 


-_ 


~ 1 


940 


V. 


17 


I 46 32 p.m. 


sli 


ght 


— 


30 1 


941 


V. 

lf 9 


20 


23 30 p.m. 


very 


slight 


_ 


^l 


942 


V. 


27 


6 22 56 p.m. 


very 


slight 


E-W. 


12 1 


943 


V. 

lf 9 


28 


5 26 22 a.m. 


sli 


ght 


E.-W. 


15 1 


944 


V. 


30 


10 27 22 p.m. 


0.8 


0.4 


S.E.-N.W. 


2 00 1 


945 VI. 


I 


6 15 21 p.m. 


0.5 


0.2 


E.-W. 


25 1 
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No. 



946 

947 
948 

949 
950 
95 1 
952 

953 
954 
955 
956 
957 

958 

959 
960 

961 

962 

963 

964 

965 
966 

967 

968 
969 
970 
971 
972 

973 
974 
975 

976 

977 

978 

979 

980 
981 
982 

983 
984 

985 
986 



B 
O 



VI. 
VI. 
VI. 
VI. 
VI. 
VI. 
VII. 

VII. 
VII. 
VII. 
VII. 
VIII. 

VIII. 
VIII. 
VIII. 
VIII. 
VIII. 
VIII. 

VIII. 
IX. 
IX. 
IX. 

IX. 

IX. 

IX. 

IX. 

X. 

X. 

X. 

X. 

X. 
X. 
X. 

X. 

XI. 
XI. 
XI. 
XI. 
XI. 
XI. 
XI. 



Day. 



3 

14 

15 
16 

20 

27 

3 

5 
5 

18 
30 

2 

4 

5 

15 
20 

21 

26 

30 
II 

15 
16 

17 
20 

22 

30 
I 

7 
10 

13 

14 
16 

25 
28 

14 

15 

17 
18 

18 

20 

21 



Time. 



H« M« «• 

1 51 30 P.m 
o 26 41 p.m 

10 10 02 a.m 

2 31 24 p.m 
9 51 10 p.m 

7 09 17 a.m 

5.39 58 a.m 
vertical molioi 

6 22 31 p.m 

8 57 09 P.m 
1033 18 p.m 

2 03 40 a.m 

10 2! 06 a.m 

vertical motioi 

2 36 12 p.m 

7 04 56 a.m 

06 21 p.m 

5 20 23 p.m 

1 07 44 p.m 

3 27 13 p.m 
vertical motioi 

3 06 22 p.m 
7 14 03 p.m 

2 34 06 a.m 

6 37 30 a.m 
vertical motiot 

2 04 28 a.m 
10 27 01 a.m 

1 56 33 a.f" 

7 41 27 a.m 

6 07 20 a.m 

7 41 18 p.m 
6 47 27 a.m 

10 50 24 p.m 
vertical mottoi 

11 08 10 p.m 

4 10 48 a.m 
II 16 03 a.m 

2 16 52 a.m 
vertical motioi 

30 50 P-m 

8 48 40 p.m 

1 57 56 p.m 
8 31 39 a.m 

1 35 01 P.m 
o 56 34 a.m 

2 05 32 a.m 



O V 



sli 
sli 
sli 
sli 
06 

2.5 

05 

very 

very 

very 

sli 

sli 

0.5 

0-3 
very 

I.I 

sli 

0.8 

sli 

0.6 

0.4 

i.o 

sli 

sli 

0.7 

sli 

very 

sll 

very 

very 

veiy 

verv 

sli 

2.0 

06 

0.4 

very 

very 

0.9 

sli 

very 

sli 

sli 

sli 

very 

0.9 

0.6 



Ampli- 

tude in 

mm. 



gllt 
ght 
ght 
ght 

0-5 

05 

0-3 
slight 

slighl 

slight 

ght 

ght 

1-3 
0.4 

slight 

1.7 
ght 

0.3 
ght 

1.4 

0.2 

0.4 
ght 
ght 

13 

ght 

slight 

ght 

slight 

slight 

slight 

slighl 

ght 

2.2 

0.4 

0.2 

slight 
lighl 

1.2 
ght 

lighl 
ght 
ght 
ght 
slight 

0.2 

0.2 



Direetion. 



S.E.-N.W. 
S.E..N.W. 

E. W. 

E.-W. 



S.-N. 

E.-W. 

S.E..N.W. 



E.S.E.-W.N.W. 

S.-N. 

E.W. 
E.S.E.-W.N.W. 



W.S.W.E.N.E. 



S.E.N.W. 
E..W. 

S.E.N.W. 



S.-N. 
N.E.-S.W. 



d 
o 

i 

u 
a 

Q 



M. S. 



o 50 

30 

I 30 

1 00 
o 40 



35 

O 10 

1 30 



4 20 

50 

1 00 

3 30 
I 30 



2 00 

1 00 

2 00 



o 50 
o 30 



»34 



GATALOGUE 0F EARTHQUAKES, &C. 





• 




No. 


a 



Day. 


987 


XI. 


21 


988 


XI. 


25 


989 


XII. 


9 


990 


XII. 


II 


991 


XII. 


26 


992 


XII. 


28 


983 


XII. 


29 


994 


XII. 


31 


995 


I. 


7 


996 


I. 


7 


997 


I. 


12 


998 


I. 


29 


999 


I. 


30 


1000 


II. 


13 


lOOI 


II. 


18 


1002 


II. 


18 


1003 


II. 


21 


1004 


11. 


24 


1005 


111. 


7 


1006 


III. 


II 


1007 


III. 


II 


1008 


III. 


18 


1009 


III. 


26 


loio 


III. 


28 


lOII 


IV. 


5 


IOI2 


IV. 


II 


1013 


IV. 


16 


IOI4 


IV. 


16 


lois 


IV. 


17 


IOI6 


IV. 


17 


IOI7 


IV. 


^7 


IOI8 


IV. 


17 


loig 


IV. 


17 


1020 


IV. 


18 


1021 


IV. 


18 


1022 


IV. 


18 


1023 


IV. 


19 


1024 


IV. 


19 


1025 


IV. 


27 



Time. 



H. M. 8. 

2 34 08 a.in. 
o 03 14 p.m. 
5 14 17 a.m. 
8 14 II p.m. 

10 17 55 P"i- 

11 10 19 a.m. 

1.05 13 P:"™- 
vertical molion 
1890. 

7 44 37 a-m. 

3 43 25 P.m. 

4 15 33 a.m. 
II 28 03 p.m. 

8 35 31 a.m. 

9 48 16 p.m. 

5 31 10 a.m. 
9 50 06 a.m. 

2 44 13 a.m. 
o 47 02 a.m. 
4 21 42 a.m. 

II 07 02 a.m. 

7 53 49 P-ni- 

3 16 40 p.m. 

6 57 55 a.m. 

2 22 37 p.m. 

20 00 p.m. 

3 08 02 a.m. 

9 34 47 P.m. 
vertical motion. 
II 40 03 p.m. 

4 56 45 am- 
vertical motion. 

5 II 03 a.m. 

6 42 36 a.m. 
3 21 38 p.m. 

10 25 15 p.m. 

5 38 37P.m. 

7 15 57 P.m. 

11 03 00 p.m. 

9 45 52 a.m. 

1 07 37 p.m. 

8 36 48 p.m. 



*9 o 

o V 
•- » 

Pu 



sli 

0.5 

sli 
very 
very 

0-3 
sli 

2.8 

sli 

sli 

3-0 
very 

0.7 

very 

0.2 

sli 

sli 

sli 

0.8 

0.4 

sli 

0.2 

sli 

sli 

sli 

sii 

0.9 

2.9 

0.6 

sli 

3.8 
sli 
sli 

3-4 
sli 

2.5 
sli 

sli 

sli 

sli 

sli 

sii 



Ampli- 
tude in 
mm. 



ght 
03 

R»>t 

siight 
sliglit 

0-5 
gbt 

2.1 

ght 

ght 
2.0 
slight 

0-3 
slight 

0.2 
ght 
ght 
ght 

0.2 

0.2 
«ht 

0.4 
ght 
ght 
ght 
ght 

0.4 

22.4 

0.2 
ght 

7.8 
ght 
ght 

3-3 
ght 

1.2 

ght 

ght 

ght 

ght 

ght 

ght 



Direetion. 



N.E..S.W. 



E.W. 
E.S.E.-W.N.W. 

S.-N. 
S.E.-N.W. 

E.-W. 

E.-W. 



E.-W. 

S.E.-N.W. 
E.-W. 

E.S.E..W.N.W 



E..W. 
S.E.-N.W. 



S.E.-N.W. 

S.E,.N.W. 
S.E.-N.W. 



e 
o 



9 
Q 



M. 8. 
2 30 

o 16 
o 15 



I 05 
5 20 

o 40 
5 00 

o 57 
o 30 






40 





30 





20 





30 


I 


00 





20 


I 


05 


7 


00 



8 00 

6 30 
3 30 
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EARTHQUAKES IN CONNECTION WITH ELEC. 
TRie AND MAGNETie PHENOMENA. 



By John Milne. 

[Read Mareh ^th, 1890.] 

The only paper whieh has hitherto been brought to ihe 
notiee of the Seismologieal Soeiety o£ Japan treating of the 
relationship of earthquakes, earth eurrents, and magnetie phe- 
nomena is the eontribution by Professor R. Shida on ** Earth 
Gurrents" (Trans. Seis. Soe, Vol. IX., Pt. i.). In the follow- 
ing pages Professor Shida's examples have been amplified, and 
to them many instanees where eleetrieal and magnetieal phe- 
nomena have aeeompanied volcanic or seismie disturbanees 
have been added. The object of this paper is to draw atten- 
tion to a variety of observations whieh require extension, and 
to express the hope that the systematie study of sueh observa- 
tions may lead to the explanation of several phenomena whieh 
at present are not understood. 

EXAMPLES 0F ElKCTRIC PhENOMENA. 

From the observations on the lightning Hashes playing in 
and round the eolumn of ashes whieh aeeompany volcanic out- 
bursts, and from the different investigations of Palmieri upon 
the slopes of Vesuvius, we know that at the time of a volcanic 
eruption the atmosphere beeomes highly eharged with elee- 
trieity. One explanation for these phenomena is that the high 
pressure steam eseaping from the erater is playing the part of 
the steam in a hydro-eleetrie maehine, the aetion being 
intensified by the friction of the heated solid partieles against 



136 MILNE: — EARTHQUAKES IN CONNECTIQN 

eaeh other during their repeated ejection. These ohservations 
suggest that there may possihly he some eonneetion hetween 
earthquakes and resultant eleetrieal phenomena. At the 
time of earthquakes it has often happened that the air has 
been found to be in a very eleetrie state. For example, during 
the earlhquake of 1808 in Piedmont, Fuchs tells us that sueh 
a eondition was observed. 

Humbolt observed that during the earthquake of Gumana 
the eleetroseope quickly showed the presenee of eleetrieity in 
the atmosphere. 

A belief in South Ameriea is that eleetrie diseharges in the 
atmosphere and earthquakes are in inverse proportion to eaeh 
other. The Mississippi and Ohio earthquakes of 1812 are 
said to have eorroborated sueh an opinion. 

Luminous appearanees in the heavens are often mentioned 
in the reeords of earthquakes, as for instanee at the time of the 
Lishon earthquake in 1755 ^^^ ^^^^ ^^ Gatania in 1693. In 
1805 at Naples fire balls were observed about the time of the 
iirst shoek. As seen from the sea, elear rays of light appeared 
to diseharge themselves from the tops of the highest houses. 
These appearanees, whieh are usually eonsidered as eleetrieal 
phenomena, are extremely numerous in the reeords of earth- 
quakes. Just before the earthquake of New England in 1717 
Aashes of lightning were seen [Phil. Trans. XXXIX.]. Again 
before the earthquake in Sieilia (January iith, 1692-3) agreat 
light like a fire is said to have been observed in the sky [Phil. 
Trans. XVni.]. 

A letter from Mr. Thomas Henry, F.R.S., deseribing the 
earthquake felt at Manehester (i4th September, 1777) speaks 
of his wife and others receiving in various parts of their bodies 
shoeks similar to eleetrieal shoeks. 

Subsequent to the shoek many people eomplained of nervous 
pains and hysterie af!ections similar to those who have been 
strongly electrified. Perhaps fright might have eontributed to 
produee some of these effects [Phil. Trans. LXVIII. p. 221]. 
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Sehmidt says the maximuin frequency of eleetrie phenomena 
oeeurs in the middle of Oetober or a few days later^ and the 
minimum about the iirst week in Mareh. If we refer to 
Sehmidt's eonelusion respeeting the periodieity of earthquakes 
we shall see, as he points out, that the maximum of earth- 
quakes and the eleetrio storms oeeur at periods but little 
different. 

To put the matter more generally we find the greatest inten- 
sity of atmosphere eleetrieity in winter, whieh is the season 
when earthquakes are most frequent. 

£arthquakes and Earth Gurrents. 

Attention was drawn to the eonneetion between earthquakes 
and earth eurrents by Professor W. E. Ayrton in a eommuni- 
eation to the Asiatie Soeiety of Bengal in June, 1871, who ob- 
served that the Indian earthquake of Deeember i^th, 1872, 
was preeeeded by sueh strong earth eurrents on the previous 
evening in the land lines frora Yalenlia to London, that in 
order to send messages it was neeessary to loop the lines and 
in this way eause the eurrent of one line to neutralize the other 
[Asiatie Soeiety of Japan, April 25th, 1877]. 

The Egyptian earthquake (January i2th, 1873) was also 
preeeeded by strong earth eurrents. The Italian earthquake 
of Mareh i^th, 1875, was aeeompanied by great disturbanees 
m the land lines. 

Again in 1871, a few minutes beforeand after the earthquake 
of Mareh I7th, positive eleetrieal eurrents were rushing towards 
England through the Anglo-Ameriean eables, whieh wer€ 
broken near Trinity Bay, NewfoundIand [C. F. Varley, Nature, 
1871, April 20th; also Am, Jour, Sct\ I. 1871, p. 472]. 

As another example it may be mentioned that the earthquake 
of Isehia (1881) was signalled along some of the Mediter- 
ranean eables. 

A remarkable example of the eonneetion between earth- 
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quakes and the development of earth eurrents are the observa- 
tions of M. Destieux, Chief of the Telegraph Bureau of Fort de 
France in Martiniquei at the time of the earthquakes of 
September, 1875, Not only were the lines so strongly eharged 
that they gave shoeks to the hand, but the eleetrie disturbanees 
as indieated by the needle of a galvanometer in all eases seem 
to have preeeded the shoek by eonsiderable intervals. Thus 
on September i^th the galvanometer was greatly disturbed, at 
10.25 a.m., and at 10.52 there was a violent shoek. At 12.19 
the gaWanometer was again disturbed. At 2.45 the eleetrie 
disturbanees were repeated, and at 3 p.m. eame a strong shoek. 
At 4 p.m. the disturbanees were very great and at 6 o'eloek 
eame another shoek. Similar observations were made on the 
sueeeeding day. *[Compte Rendus, LXXX., 1875, p. 693]. 

The results of some observations on this interesting subject, 
made by F. P. Crescimano, at Corleone, in Sieily, in 1876, 
were as folIow : — 

Two gaWanometers were taken, and one was plaeed in a 
telegraphie eireuit whilst the other was plaeed in a eireuit 
one pole of whieh led to a well and the other to a hole in the 
ground. At the time of several small shoeks the first of these 
instruments gave no indieations. The well galvanometer gave 
some feeble movements indieating what was probably a posi- 
live eurrent. Subsequently some strong shoeks eaused devia- 
tions of 8°. On July ^th, 1876, at 8.35 p.m. a shoek oeeurred 
during the time that a despateh was being sent to Palermo. 
This was stopped and the signal ** Earthquake ! Earthquake I 
Earthquake 1 " was sent. The operator, not understand- 
ing ihe signal, replied '* Lift up the tasto, the eurrent 
is too strong." This was raised, but the eurrent was stil.l too 
strong. The Palermo line was then thrown out of eireuit and 
the Prizzi line put in. The gaWanometer oseillated for 7 
seeonds and eame to rest after 15 seeonds. During the time 
that the Palermo line had been in eireuit the needle of the 
galvanometer had made slight oseillations. A few minutes 
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before the shoek, the eurrents, whieh had previously beengood, 
suddenly beeame bad. It is supposed that a posilive eurrent 
had suddenly struek the line. [Rossi. Meteorologia Endogena, 
I. p. 86-87]. 

Gauses of Gurrknts and Electrical Phenomena. 

In 1873 P. Serpieri observed that in many instanees needles 
of galvanometers had been deAeeted a short time before the 
oeeurrenee of earthquakes and that de^eetions were due to 
negative earth eurrents. In the Revista Scienitfica 1874, p. 
165, he offers the suggestion that the negative nature of ihe 
earth eurrent may be due to the sudden development of a 
large quantity of steam whieh is eleetrieally positive — the steam 
being the eause of the earthquake. In this artiele he quotes 
the interesting observation of Professor Domenieo Ragona, 
who found that at the time of an earthquake there was a eur- 
rent from the earth passing through a gaWanometer and a 
lightening rod-like eonduetor to the atmosphere. To observe 
these eurrents, Professor Ragona suggests the use of a eon- 
venient apparatus, where the eurrent passes by wire from ihe 
earth through a gaWanometer to the flame of an oil or petro- 
leum lamp, the base of whieh is isolated from the ground 
(UElettrieita 1887, No. 16, p. 241). 

In eonneetion with the observations made upon earth eur- 
rents Der Naiur/orseher VIII. p. 127, refers to the negative 
eleetrieity of a hot spring in Baden, and in an artiele in 
yahrgung XX. No. 27, p. 243, makes speeial reference to the 
work done by Professor Luvini of Turin in endeavouring to 
obtain the assistanee of telegraph operators in observing un- 
usual disturbanees in their instruments espeeially at or about 
the time of earthquakes. 

One eause possibly produeing earth eurrents would be the 
inrush of steam into iissures and cavities produeed in roeks at 
the time or previous to the resulting erash whieh might be the 
eause of an earthquake. In addition to this, deep down in the 
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e&rth we may conceive of the existence of intense ehemioalae- 
tion eaused by heated steam or molten matter aeting on eaeh 
okher and the materials they eame in eontaet with giving rise 
to eurrents of eonsiderable magnitude. The earth eurrents of 
an active volcano are a subject yet requiring investigation. 

At the time I was observing the ef!ects of artificial earlh- 
quake produeed by the explosion of dynamite, I made the 
following experiments on earth eurrents : — 

At distanees of from lo to 30 fl. from the souree of the 
explosion an iron bar was planted firmly in the ground. Thig 
was eonneeted by a wire wiih a seeond bar also in the ground 
about i mile distant at the other side of a deep moat, at a 
plaee where the vibration resulting from the explosion eould 
not be perceived by carefully watehing the surface of a dish of 
mereury. 

Near to this end of the eireuit a dark's differeutial galvano- 
meters was introdueed. 

The results obtained were that prior to the sound ot the ex- 
plosion and prior to the observation of any tremor in the mer- 
eury there was a strong defiection (10 to 40^) of the galvano- 
meter needle. The direetion of this defiection was always the 
same. After deflection the needle of the galvanometer some- 
times remained steady, somelimes howerer it very slowly (say 
in one hour) erept baek to its normal position. When the 
first earth bar was moved to a point 150 feet distant from the 
explosion where the earth vibrations were feeble, no defiection 
of the needle was observed. 

The probable explanation of this experiment is that in eon- 
sequence of the meehanieal motion of the earth bar at the 
end of the line, its eleetrie state, due to moisture and oxidation 
owing to a ehange in its eontaet with the earth, was altered. 
Gertainly similar effects eould be produeed by moving one of 
the bars or by hammering on the ground in its ^ieinity. 

The earlh eurrents observed at the time of earthquakes may 
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therefore, perhaps, be explained as being due to meehanieal 
disturbanees in the earth plates. 

So far as earth eurrents are eoneerned, when we eonsider 
the various manners in whieh they may be produeed the only 
point to bc wondered at is that ihey have not been observed 
more frequently. 

To give an eyplanation of the eleetrieal phenomena whieh 
have been observed in the air is more difficult. In some eases 
they may only have been atmospherie phenomena whieh have 
aeeidently synchronized in the time of their oeeurrenee with 
earthquakes. Possibly perhaps sudden disloeations of strata 
may oeeasionally have eaused sudden developments of statieal 
eleetrieity manifesting itself as luminous diseharges in the air. 

Earthquakks and Magnetig Phenomena. 

On many oeeasions it has been observed that eartfaquakes 
have produeed ef!ects upon magnets or magnetie needles. In 
some eases the disturbanees whieh have been noted may pos- 
sibly have been due to meehanieal aetion. About two hours 
before the destructive earthquake in 1855 the owner of a 
speetaele shop in Tokio observed that a magnet dropped some 
piee'es of iron whieh had been attaehed to it. This observa- 
tion led to the eonstruetion of a magnetie seismoseope de- 
seribed in a book ealled the Ansei-Kembtm-Roku, 

Experiments made by Professors Ayrton and Perry, to deter- 
mine whether a magnet at the time of an earthquake ehanges 
in its naagnetie intensity, so far they went, showed the idea to 
be unfounded. 

In 1822 Aragoand Biot made simultaneous observations of 
unusual movementBinmagnetometers at Pariswhieh eoineided 
with the oeeurrenee of slight shoeks in Switzerland and the 
South of Pranee. 

Humbolt on November 4th, 1799, observed that in the earth- 
quake of Gumana, although the magnetie dedination and in- 
tensity were unaltered the dip was diminished 48 minutes. 
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From this it subsequently slowly returned. The deelination 
and the intensity of the earth's magnetism had, however, re- 
mained unehanged. [Mallet, Reports of British Assoeiation 
1850]. In Oetober 1802 the magnetie needle made at Lima 
219 swings in 10 minutes, but after the earthquake only 213 
swings. The inelination was also slightly altered, — before the 
disturbanee being 9.59 degrees and after only 9.12 degrees. 

Prof. M. S. de Rossi gives several interesting examples of the 
eoineidenee between magnetie disturbanee and earthquakes. 

On Nov. ist, 1755, on the authority of Sarti, it is stated that 
all magnets let their weights fall. The same year Bertrand, 
observing at Morat near Neuehatel, says that at the moment of 
the earthquake the needle of a eompass was seen to alter 25°, 
and on the same day at a plaee on the frontiers of Switzerland, 
some filings hanging from the point of a needle were observed 
to revolve against the needle ; afterwards they returned to a 
Yertieal position. 

In 1869 an earthquake was felt in Rome, and it was observed 
that many horse-shoe magnets dropped their armatures. 

Gount MaWasia made a long series of observations on a 
small magnet holding light pieees of iron similar to an appa- 
ratus eonstrueted by Bertelli. From the table of these obser- 
yations it seems that the pieee of iron often fell^ sometimes 
with shoeks and sometimes without them. 

Palmieri and Saeehi say that before the largest shoeks at 
Melfi they observed ehanges in dip [Meteorologiea Endogena 
Vol. I.]. 

The results obtained by Malvasia appear lcf be very similar 
to the results said to have been shown by the magnetie seis- 
moseope invented in Tokio. 

In the Eleeirieal World, Nov. 30, 1889, we read that M. Mas- 
eart reports that M. Moureaux, who has eharge of the magnetie 
observations at Saint Maur has informed him that the magnetie 
curves for Oet. 25 show indieations of disturbanees similar to 
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those whieh have previousIy been notieed on the oeeasion of 
earthqiiakes, &c. Sinee this the papers have announeed an 
earthquake whieh eaused eonsiderable destruetion at Gallipolii 
and whieh, from all aeeounts, seems to have taken plaee at the 
moment when the magnetie disturbanees were observed at 
Saint Maur. 

In this instanee it would appear that the disturbanee of the 
magnetie instruments eould not be attributed to meehanieal 
transmission of the shoek. 

As another example of coincidence.in the oeeurrenee of earth- 
quakes and magnetie disturbanee I give the following prieis 
of a short artiele on Earthquakes, published in the Annual of 
the National University of Golombia, 1870, translated by Mr, 
T. H. Wheeler, of the British Legation at Bogota. 

After shortly stating and diseussing Fabers? theory that 
earthquakes are eaused by the aetion of the moon upon inean- 
deseent fluids in the interior of the earth, eausing '^ seismie 
tides," the author mentions in eontradietion to this theory, the 
fact, of whieh he presumes that Fabel was ignorant, that none 
of the South-Ameriean volcanoes throw out Iava, but only 
ealeined traehytie roeks, pumiee stone, water, and enormous 
quantities of earbonie aeid gas. These volcanos, therefore, 
eannot be fed from the same sourees as those in Europe whieh 
eject Iava, and the ineandeseent fluid existing in the interior 
of the earth eannot be one eontinuous mass : the tides eaused 
by the aetion of the moon upon sueh fluids eannot therefore 
aeeount for the produetion of earthquakes or of the eruptions 
of voIcanoes. 

The author then proeeeds to diseuss a theory of magnetie 
eurrents as a probable eause of eertain forms of earlhquakes. 

During the earthquakes whieh oeeurred in Ghile, BoIivia, 
Peru,andEcuador, successively on the i^th, I4th, and i6th of 
August, 1868, a good deelinometer plaeed on the top of a 
ehureh in Quito, and eonstantly observed sinee the midd'le 
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of June by a eompetent obseryer, indieated extraordinary 
devialions towards the £a8t, the signs of strong mag- 
netie tension. On the i5th, the eve of the eatastrophy at 
Imbabura, it marked 4'.2o''.6o morning magnetie amplitude, 
and 50'. 30 evening amplitude, without diurnal period (sin 
periodo diurno\ exceeding the ordinary deviation by a'.a*. 
The night was very elear and iine. At 1.40 a.m. a subter- 
raneous rumbling was heard, folIowed by a strong undulatory 
movement, whieh, running from S.W. to N.£. eulminated in 
Imbabura, expending it force upon the hills, plains and towns; 
preeisely in the direetion of the magnetie deelination carve 
passing through Quito, as laid down in map 10 of the great 
atlas of Garnier. 

The earthquake felt in Bogotd on the night of June 4th, 1870, 
was also undulatory, and was propagated from S.W. to N.E- 
in a direetion exactly eontrary to that of the magnetie de. 
elination curve passing through Bogotd, and was preeeded by 
magnetie disturbanees analogous to those observed in Quito. 
The folIowing is an aeeount of the earthquake of June 4th 
1870, at Bogotd by Sefior Jos6 Maria Gonzales, the editor o^ 
the Sctentific Review in this Gity. 

On June 4th, between ^and 4 p.m., deafening subterraneous 
noises were heard very prolonged and something like the 
sound of a distant waterfall. This, eombined wiih eontinual 
agitations and eonsiderable deviations of a very sensitive mag- 
netie needle whieh was eonstantly observed, gave warning of 
the approaeh of an earthquake. And in fact, at 9.20 p.m. a 
deviation of the needle of 0^15' towards the East was 
observed, and at^.^op.m. a strong horizontal reetilinear shoek 
was felt, the seismie wave moving from S.W. to N.£. The 
eoneentrated seismie wave was felt during 3 seeonds, and 
the retarded wave kept up an undulatory movement (only 
pereeptible by the instruments) during 14 minutes 35 seeonds. 
During the passage of the eoneentrated wave, the magnetie 
needle attained a maximum deviation of 0^45' to the East» 
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exhibiting at the same time a sharp trembling, whieh slowly 
deereased and terminated in 13 minutes 55 seeonds. 

The proper eorreetion being made in the pendulum for th^ 
veIocity attained, it appears that the shoek lasted 14 minutes 
3 seeonds. From that time perfect ealm eontinued until 2.10 
a.m. when the magnetie needle showed a slight undul^tory 
movement. At the same time a pendulum of 2 inehes acquif- 
ed a slight rotatory movement in the form of an ellipse of 
great eeeentrieity, with the major axis in the direetion North 
35^30' East. During this seeond shoek, whieh lasted 10 
minutes 15 seeonds, the waves foIIowed eaeh other at intervals 
of 3osecondsapproximately, and lasted from 2 to 3 seeondseaeh. 

On June 5th, at 10.35 p.m., a very slight undulatory move- 
ment was observed, only pereeptible by the indieations of st 
very sensitive instrument. It lasted 10 minutes 15 seeonds. 
It was not eontinuous like that whieh oeeurred at 2 a.m. 
on June 4th, and eaused no eonsiderable devialions of the 
magnetie needle. 

The greater nunaber of earthquakes whieh have oeeurred in 
this part of Ameriea have taken plaee at the time of the £qui- 
noxes, that is, at the time when the thermo-magnetie eurrents 
are most powerful. This give8 some reason fof suspeetiiig 
that they are the eause of those strong undulatory earthquakes 
whieh extend over a large surface of the eountry, sinee the 
direetion of these had nearly always been the same as that of 
the magnetie curves. This only applies to those shoeks whleh 
are strong and extend over a large area, for the slight loeal 
shoeks, not undulatory in their nature and not extending tb 
any great distanee, are eaused by movements of the earth or 
rOGks in the interior of the mountains ; a great part of th^ 
Andes eontaining ealeareous strata, and being therefore cavetn- 
ous (as M. Boussingauit has observed) are liable to subside." 

Many instanees where magnetie storms atid earthquakes have 
oeeurred at or about the same time have been eolleeted hy 
Kreil (^Der Naiur/orseher No. 27, p. 242). 

J 
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On April i8th, 1842, at loh. 91x1. a.m., Lamont observed a 
sudden ehange, in a deelinometer in Munieh. At the same 
time Colla observed a similar disturbanee in Parma and during 
the same minute there was a severe earthquake in Greeee. (La- 
mont, ''Astronomie und Erdmagnetismus/' p. 2^T^* Asimilar 
observation is noted in Poggendor£Ps Annalen Bd. CXV., p. 
176. This oeeurred on Deeember, 26th, i8ox, at 8h. a.m. 
when instruments for deelination, inelination, and for inten- 
sity showed unusual movement8 simultaneous with whieh there 
had been severe earthquakes in Greeee. 

At the Magnetieal Observatory in Tokio, where magnetie 
elements have been automatieally reeorded for the past few 
years, there does not appear to have been disturbanees at 
about the time of earthquakes more than those whieh might be 
aeeounted for as being due to meehanieal movement. Sueh 
irregularities are most notieeable in the lines indieating vari- 
ation in deelination. They are oeeasionally notieed in the 
reeords for horizontal force, but hardly ever in the curves for 
dip, these latter parts of the instrument taking up less move- 
ment than that whieh reeords deelination. 

IniViz/«r^of Mareh^rd, 1887, Mr. G. M. Whipple,* superin- 
tendent of the Kew Observatory, gives a eopy of the diagram 
obtained from the bifilar magnetograph at his observatory, 
showing the movement produeed by the Riviera earthquake 
of February 26th. The magnetograph disturbanee oeeurred at 
5.40 a.m. Similar disturbanees were observed at Perpignan, 
Paris, and Lyons, and M. Maseart observes that these disturb- 
anees were simultaneous, and it was not therefore an oseillatory 
movement passing from point to point whieh had to be eon- 
sidered, but aphenomenona£fecting alarge area simultaneously. 

The most carefully studied magnetieal and eleetrieal pheno- 
mena whieh have aeeompanied volcanic and seismie disturb- 
anees are those whieh oeeurred at the time of the eruption of 
Krakatoa on August 27th, 1883. 

The magnetieal disturbanee on this oeeaslon passed from 
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the east towards Europebeing reeorded laterand later as it pro- 
gressed westward. Ordinary magnetie rhovements are almost 
simultaneously produeed at different parts of the earth's surface. 
The stations at whieh observations were made were Zi-ka-we!, 
Golaba, Mauritius, Pawlowsk, Vienna, Kew, Stonyhurst, and 
Lisbon. 

The average values of travel were : — 

For deelination 761 miles per hour. 

For horizontal force 939 miles per hour. 

For vertical f oree 927 miles per hour. 

Final true mean 868 miles per hour. 

At Batavia the magnetieal disturbanee was attributed to the 
magnetie iron eontained in the rain of ashes. (Report of 
the Krakatoa Gommittee of the Royal Soeiety 1888.) 

Whether we are to eonsider that there has been a relation- 
ship between seismie aetion and terrestieal magnetisin defi- 
nitely established is yet an open question. The observations 
so far as they have gone have, however, been sufi[icient to justify 
further researeh upon this subject. Rossi holds the opinion 
that the phenomena whieh have been observed are not purely 
meehanieal, and that at the time of an earthquake there 
is an eleetrieal aetion whieh more or less paralyzes a natural 
magnet. \_Metrologia Endogena^ Vol. I. p. 83, &c.]. 

If we admit that the earthquakes of eertain regions are the 
outeome of volcanic energy, and at the same time bear in 
mind the intensely magnetie eharaeter of many lavas, the pos- 
siblity of a eonneetion between loeal variations in terrestrial 
magnetism and seismie phenomena is apparent. 

The Iavas of the Hawaiian Islands af!ect the needle of an 
ordinary theodolite. In leeland and in Japan I have pieked 
up pieees of Iava whieh will eause the needle of an ordinary 
eompass to revoIve. The surface soil of the latter eouniry is 
S^turated with grains of magnetite derived from the deeompo- 
sitions of voIcanic roeks. 
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Some of the Yoleanoes in Japan, like Mont Nuova in Italy, 
eame into exi8tence during the historieal period, and with their 
origin whieh was aeeompanied with seismie phenomena it 
seems impossible that there should not have been enormons 
loeal ehanges in magnetie elements. 

Not only have the effects visible to us on the surface of the 
earth to be eonsidered when diseussing this question, but the 
effects whieh take plaee beneath the surface, sueh as the forma- 
tion of dykes and general alterations in the arrangement of the 
magnetie magma from whieh these dykes originate. 

Effects of eooling also might possibly produee slow ehanges 
in the magnetie intensity of a voIcanic region. Dr. E. Nau- 
mann tells us that as you approaeh Ganjusan, a voIcano in 
northern Japan, there is evidence of a ehange in deelination 
whieh near the tnountain amounts to 14°, and that this ehange 
has taken plaee during the last 80 years. [Trans. Seis. Soe. 
of Japan, Vol. VI.]. 

If earthquakes are indicative of a ehange in the eharaeter or 
the position of a magnetie magma beneath the earth's erust, to 
seek for evidence showing that seismie phenomena are eon- 
neeted with magnetie variations is not unreasonable. 

Sinee writing the iirst part of this paper, Mr. P. Mayet has 
ealled my attention to the following eurious pbenomena ob- 
served upon the Sonnbliek, a mountain in the Austrian Alps 
10,154 ft. high (see Die Gartenlaule, No. 21,890, p. 35). 

At the meteorologieal station on this mountain Dr. Wiihelm 
Trabert observe8 that a storm is not heralded by dark elouds, 
thunder, and sultry weather. The warning of the eoming 
storm is however given by a eraekling in the telephone. This 
is some times quite loud. The passage of sparks between the 
plates of the lightning arrester and the ringing of the bell in- 
dieale that the telephone must be thrown out of eireuit. When 
the storm eomes sleet and hail strike the window and a light- 
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ning rod may be struek, and when ihe lightening sirikes the 
house it shakes as i/in an earihguake, 

Atmospherig Elkctricity and Earthquakes of Tokio. 

At the Imperial Meteorologieal Observatory in Tokio, at- 
mospherie eleetrieity during the greater portion of the last two 
years has been automatieally reeorded by the photographie 
arrangement of Maseart. 

In this system the needle of an eleetrometer whieh has a 
biiilar suspension is kept at the potential of the atmosphere 
by eonneetion with a water dropper, while ihe quadrants of the 
eleetrometer are kept at a eonstant potential by eonneetion 
with 50 water Daniels. 

Through the kindness of the Direetor of the Obseryatory, 
Mr. Arai Ikunosuke, a few days ago a series of reeords extend- 
ing over a period of twelve months were plaeed at my dis- 
posal for examination, I have eompared these not only with 
the reeords of earthquakes obtained in Tokio but with the 
reeords of earthquakes whieh have been noted in various parts 
of Japan. 

A glanee at these reeords at onee showed that at the time 
of eertain earthquakes there was a ehange in potential, the air 
suddenly beeoming electro-negative, — the mirror turning 30 
quickly to a new position that its movement eould not be pho- 
tographieally reeorded, From the new position, however, after 
several hours it gradually fell baek towards the line from whieh 
it had deviated. The aeeompanylng diagrams are illustra- 
tions ol these ehanges. The horizontal line in eaeh of these 
ligures is a datum for reference. When the diagram is above 
this the air is negative relatively to the earth, and when below it, 
it is positive. The numbers along these lines are the hours of 
the day and night, p.m. being to the left of the eentral line and 
a.m. to the right. 

If you diseharge the eleetrometer by plaeing your finger on 
one of the eonneetions leading to the water dropper the spot of 
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light swings to zero. On reraoving your finger it quickly re- 
turns to its original position. Shaking the pipe with an insulat- 
ed glass rod Mr. Outsuka, who is in eharge of this department, 
informs me produees no effect upon the reading. 

From Fig. i we see that between 4 and 5 p.m. on April ^rd 
the air at the time of an earthquake suddenly beeame eleetro- 
negative, and the potential was not restored until 5 a.m. on 
April 4th. 

A somewhat similar ehange is shown in Fig. 2 and in Fig. 3, 
but in Fig. 3 at about 8 p.m. there is a sudden ehange in an 
opposite direetion without an earthquake. 

In Fig. 4, between 2 and 3 p.m. on April i8th, the mirror was 
moving to and fro so quickly or else was so far displaeed that no 
reeord was obtained. An earthquakehappened at 2.7 p.m. whieh 
was very large, at 2.54 p.m. whieh was small, and again at 3.39 
p.m. whieh was also large, but there is no reason to suppose 
that the ground was in eonstant motion during the time that 
the spot of light from the mirror failed to reeord. 

The displaeement at about 6 a.m. on April i^th as well as 
those shown in }* igs. 5 and 6 were not aeeompanied by earth- 
quakes, although several earthquakes oeeurred upon the same 
days. 

Fig. 7 shows an irregular diagram of ordinary oeeurrenee. 

From these few diagrams it would appear that eertain earth- 
quakes are aeeompanied by sudden ehanges in the diagrams, 
that other earthquakes oeeur within a few hours of sueh ehanges 
and that similar ehanges may oeeur without earthquakes. 

Records of £arthquake6 and £lectrical Disturbanoes. 

1888. 
Oetober ^th, 1.07 a.m. — Slight shoek in Tokio and at one 
plaee 3om. £. 
No eleetrieal disturbanee. 
Oetober loth, 4.20.24 p.m. — Tokio only. 
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Gannot read eleetrometer diagram. 
Oetober i2th, 9.40.56 a.m. — Tokio and a few plaees to North. 

Difficult to read, but apparently no eleetrieal disturbanee. 
Oetober 20th, 6.20.6 a.m. — Tokio and 120 miles to N.-East. 

No eleetrieal disturbanee. 

Nearly all the Eleetrometer diagrams for this month are 
difficult to read, but from what ean be seen there was little 
disturbanee in Tokio. During this month there was no 
severe earthquake with its origin near Tokio. 
November 2nd, 1.45 p.m. — A large area shaken extending to 
North East and West. The origin 30 or 40 miles North 
of Tokyo. 

Eleetrieal disturbanee zero. 
November ^rd, 0.51.0 a.m. — Small area near Tokio. 

No eleetrieal disturbanee. 
November ^rd, 8.15.0 a.m. — A large area to N.E. 

No disburbanee. 
November 5th, 14.22 a.m. — ^Tokio and to East. 

No eleetrieal disturbanee. 
November 6th, 4.38 p.m. — Tokio only. 

No eleetrieal disturbanee. 
November ^th, 10.22.34 p.m. — ^Tokio only. 

A blurred displaeement as if by a swing of the mirror. 
November loth, 1,37.44 p.m. — ^Tokio only. 

No displaeement. 
November i6th, 0.42.49 a.m. — ^Tokio only. 

A blurr indieating a swing of the mirror. 
November 20th, 0.50.0 a.m. — Tokio and 100 miles N.E. 

No eleetrieal disturbanee. 
November 22nd, 1.27.43 p.m. — ^Tokio only. 

No eleetrieal disturbanee. 
November 23rd, 5.23.30 p.m. — Tokio only. 

No disturbanee. 

November 24th, 2.00 a.m. — Extending from Sapporo to the 
South of Tokio. 

No eleetrieal disturbanee. 
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November 25th, 4.50.15 p.m. — ^Tokio only. 
Eleetrieal distarbanee 6 mm. downwards or po8itive. This 

may be due to filling the water dropper. 
Daring November with the exception of a sudden ehange 
at I a.m. on 26th November (when there was no earth- 
quake) the air beeoming negative, there is no sudden 
ehange sueh as night aeeompany earthquakes. 
Deeember ^rd, 0.24.47 p.m. — Tokio and to S.£. 

Disturbanee zero. 
Deeember 6th, 6.27 a.m. — ^Very large didturbanee from Namba 
to Tokio. 
No eleetrieal disturbanee or zero. 
Deeember i6th, 4.19.03 a.m. — Tokio only. 

No reeords taken. 
Deeember 28th, 3.28.04 a.m. — ^Tokio only. 
No dislurbanee. 

No marked sudden eleetrieal disturbanee oeeurred during 
Deeember and although there were many earthqaakes in 
Japan but few were felt in Tokio. 

1889. 
January ist, 3 p.m. — ^Tokio near the eentre of a feeble earth- 
quake. 
No eleetrieal disturbanee. 
January ist, 7.5.30 p.m. — ^Tokio the eentre of a severe earth- 
quake. extending 100 miles N. and to the S.W. 
By the eleetrieal disturbanee the reeord left the paper. 
January ^rd, 7.58.6 a.m. — N.E. and S.W. from Tokio. 

By eleetrieal disturbanee the air beeame 50 mm. negative. 
Fell baek in 6 hours. 
January i2th. 18.34.3 p.m. — Slight and to N.E. 

Disturbanee zero. 
January 27th, 2.28.47 ?•«!• — Very slight — ^Tokio only. 
Disturbanee zero. 

During this month at about 4 p.m. and 7 a.m. there was 
often a large disturbanee whieh takes some hours to MTork 
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baek. Was or was not this prodaeed by iilling the water 
tank ? Gondensation of moisture on the outside of this 
might weaken the insulation until the moisture was 
dissipated. 
Pebruary 5th, 12.27.39 p.m. — S.N. slight — ^Tokio only. 

Disturbanee nothing more than an extreme irregularity whieh 
was going on before and after the earthquake. 
Pebruary 6th, 3.20.5 p.m. — E.W. slight — Tokio only. 

Disturbanee zero. 
Pebruary ^th, 9.41-38 a.ni. — S.N. very slight — ^Tokio and 
to N.W. 
Disturbanee zero. 
Pebruary I5th, 5.14-3 p.ni. — Very slight — Tokio only. 

Disturbanee zero. 
Pebruary i8th, 6.9.39 ^•™' — Dufation 6m. i2s. S.W. Hori- 
zontal Period 2.2. Horizontal Amp. 20.33. Vertical 
Period .6. Vertical Amp. 3*7. 
Felt in Tokio and many miles north and west. Origin near 
Tokio. Severe. 
6.27.45 a.m. — Duration 2m. os. S.W.-N.E. — Am. 0.2. 

Tolerably large area round Tokio, but feeble. 
7.48.52 a.m. — Duration 2m. E.-W. slight. 
Tolerably large area round Tokio, but only felt at a few plaees* 
By the eleetrieal disturbanee air beeame 15 mm. negative 
and remained so from about 6.15 to 7.30 a.m., when it 
suddenly returned. 
8.2.0 a.m. — Slight. Tokyo only. 

10.10.56 a.m. — om. 30S. S.E.-N.W., slight, but a eonsiderable 
area shaken. 
For both the above a slight movement may be traeed on the 
eleetrometer diagram. 
February i^th, 2.57.43 p.m. — Duration om. 15S. S.W., slight. 
Tokio only. 
Disturbanee zero, 
February 2oth, 9.19.37 p.m. — ^Very slight. Tokio only. 
Disturbanee zero. 
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Pebruary 2ist, 5.52.11 a.m. — ^Duration om. 153. E.-W., slight, 
but felt as far as Odawara to west. 
Disturbanee zero. 

Pebruary 8th, 19.23 a.m. — ^Durationo.2oS.-N., slight. Tokio 
only. 
Disturbanee zero. 

Pebruary iilh, 1.4 a.m. — ^Duration 0.30 slight. Tokio and to 
west. 
Disturbanee zero. 
Pebruary ^th, 27.52 p.m. — Duration 15 S.-N., slight. Tokio 
only. 
Disturbanee zero. 
February 23rd, 1 1.27.2 1 p.m. — Duration om. 13S. S.-N., slight. 
Tokio only. 
Disturbanee zero. 
Mareh ^rd, 435.19 p.m. — ^Duration om. "30S. E.-W. Amp. 
.2 mm. Tokio only. 
Very slight, imm. negative. 
Mareh 4th, 7.24.25 a.m. — Sh'ght. Tokio only. 

Eleetrieal disturbanee, 2mm. positive. 
Mareh i8th, 6.41. 12 a.m. — S.-N. Tokio only. 

Eleetrieal'disturbanee, only a swing of mirror. 
Mareh 2ist, 6.09.23 p.m. — Slight. Tokio and Yokosuka. 

Disburbanee zero. 
Mareh 26th, 2.41.48 p.m. — ^Tokio only. 

Slight irregularity. 
Mareh 28th, i. 20.10 a.m. — Horizontal period 0.6. Amp. 4.1. 
Vertical period 0.5. Amp. 0.6. E.S.E.-W.N.W. i min. 

30 see. 
Mareh 28th, 10.22.55 a.m. — Period 0.5. Amp. 0.5. Vertical 

Period 0.4. Amp. o.i. S.E.-N.W. i min. 15 see. 
Mareh 28th, 7.18.23 p.m. — Horizontal period 0.2. Amp. 0.2. 

E.-W. 
The iirst was strong with Tokio near the eentre. Eleetrieal 

displaeement 6mm. negative whieh remained for 4 hours. 
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The other two, whieh were relatively feeble, with the eentre 

to the N.W., do not shew any disturbanee. 
Mareh ^ist, 6.42.15 a.m. — Period 2,5. Amp. 3.8. Vertical 

Period 0.6. Amp. 0.2. S.S.E.-N.N.W. 4. min. 
Mareh 3ist, 8.13.03 a.m. 
Mareh ^ist, 5.59.42 p.m. Period 0.7. Amp. 1.2. S.W.-N.E. 

2.0 min. 
The iirst shoek extended N.E. lo Sendai. There was a 

sudden negative disturbanee of 10 mm. ; after a i of an 

hour there was a strong ehange to positive but this latter 

was gradual. 
April 3rd, 4.27.21 p.m. — Horizontal. Period .7. Amp. 1.5. 

Vertical. Period .3. Amp. .2. S.E.-N.W. i min. 30 see. 
Area of shoek about 80 by 80 m. with Tokio near eentre. 
Eleetrieal Deviation was 22 mm. negative and a gradual 

return in ^h. 
April 3rd, 4.40.51 p.m. — Area 60 m. E.-W. and 30 m. S. 

Origin to S. of Tokio. Deviation nothing. 
April 6th, 7.40.13 a.m. — Period .5. Amp. .3. S.W.-N.E. 

o min. 50 see. 
Area about 70 by 70 m. with Tokio in southern part of 

ellipse. 
Eleetrieal deviation 15 mm. negative. Returns in 6h. 
April 8th, 0.48.00 p.m. — Area about 170 by 70 m. with Tokio 

in southern extremity of eirele of disturbanee. Deviation 

10 mm. 
April 8th, 8 p.m. Negative distubanee of 12 mm. 
April i4th, 5.22.54 a.m. — An ellipse with prineipal axis run- 

ning 60 m. N.E. with Tokio at southern extremity. 

Eeeble. Only felt at three plaees. Deviation zero. 
April i7th, 9.41.43 p.m. — Large area 150 m. N.E. from Tokio. 

Not felt south of Yokohama. Deviation zero. 
April i8th, 9.45.0 p.m. to 10.15.0 p.m. — The swing of the 

mirror Ieft a gap. 
April i8th, 2.07.42 p.m, — Period i.o. Amp. .8. Vertical 

Period .7. Amp. 2. E.S.E.-W.N.W. The area shaken 
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was about 18,000 8quare miles with Oshima as eentre and 

100 miles radius. Severe and long. 
April i8th, 2.54.1 1 p.m. — ^Tokio only. 
April i8th, 3.39.08 p.m. — Period .9. Amp. .3. S.E.-N.W. 

with Oshima as eentre, 60 m. radius. 
April i8th, 4.00.01 p.m. — Tokio only. Deviation and a gap 

from 2 to 3 mm. long formed by swing of the mirror. 
Aprii i9th, 0.18.46 a.m. — Area 60 by 30 m. Tokio at S.W. 

end of ellipse. Deviation 2 mm. positive. 
April i^th, 2.29.19 a.m.»— Deviation zero. Felt only at Tokio. 
April i9th, 6.00.00 a.m. — 20 mm. positive. 
April i9th, 3.00.27 p.m. — Period .6. Amp. .2. S.W.-N.E. 

50 see. Area 60 by ^om. Tokio at S.W. end of ellipse. 

Deviation i mm. 
April I9th, 5.50.39 p.m. — Period .6. Amp. .2. E.W. im. ^osee. 
Eeeble, not extending beyond 120 m. N.E. Deviation i m. 

positive. 
April i9th, 5.00.00 p.m. — Deviation 20 mm. negative. 
April i^th, 10.53.55 p.m. — Felt at Tokio only. Deviation zero. 
April 2oth, i.oo a.m. — Deviation 8 mm. 
April 20th, 10.45 ^'^* — Deviation 6 mm. 
April 20th, 4.50.33 p.m. — Felt in Tokio only. 
April 20th, 7.00 p.m. — Deviation 40 mm. 
April 2ist, 0.30 a.m. — Deviation 20 mm. 
April 22nd, 0.30 a.m. — Deviation 10 mm. A small earth- 

quake 6om. N. of Tokio. 
April 27th, 1.30 to 2 p.m. — E.W. 30 see. A large area ex- 

tending i^om. N. from Tokio and 80 m. in breath. The 

swing of the mirror left a gap. 
April 28th, 3.07.43 a.m. — Deviation 60 mm. 
April 29th, 1.56.28 a.m. — Deviation 6 mm. A small earth- 

quake 60 m. N. of Tokio and also felt in Tokio. E.W. 

20 see. 
May 6th, 11.41.41 p.m. — Period .5. Amp. .4. S.S.W.-N.N.E. 

I mm. Deviation zero. Tokio on S.-W. edge of a shaken 

region (6ox6om.) Disturbanee feeble. 
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May 7th, 10 p.m. — Deviation 40 mm. 

May 8th, 5.05.34 a.m. — Deviation 15 mm. S.N. 30 see. Tokio 

on west side of long narrow ellipse extending 60 m. N. 

and 3om. S. 
May 8th, 0.24.07 p.m. — Only felt in Tokio. Duration in- 

distinet. 
May 9th, i.oo p.m. — No earthquake, but a deviation 70 mm. 
Mayi2th, 10.42. II a.m. — Period 2. Amp..6. S.S.E.-N.N.W. 
Very large earthquake with eentre near Nagoya, and reaeh- 

ing from south of Kobe to north of Tokio. Dev. zero. 
May I7th, 6.39.15 a.m. — Felt only in Tokio. Dev. zero. 
May I7th, 8.34.25 a.m. — ^Pelt only in Tokio. Dev.-f-3mni. 
May i7th, 9.20.35 a.m. — Felt only in Tokio. Dev.-|-2mm. 
May i7th, 9. 39. 37 a.m. — Felt only in Tokio. Dev. zero. 
May i7th, 10.30 a.m. — Dev.-|-3mm. 
May i7th, 1.46.32 p.m. — Felt only in Tokio. 

Three deviations, between 1 and 5 p.m. baek and forth. 
May 20th, 0.23.30 p.m. — Disturbanee extended from Tokio 

120 mileS N.E. 
Deviation indistinet. 
May 2oth, 6.45 p.m. — Dev.-|-4mm. 

May ^sth, midnight to i a.m. 26th. — 3 large dislurbanees. 
May 27th, 6.22.56 p.m. — Felt in Tokio only. E.-W. 12 see. 

Dev. zero. 
May 28th, 5.26.22 a.m. — Felt in Tokio only. E.-W. 15 see. 

Dev.-— lomm. 
May 3Qth, 10.27.22 p.m. — Period .8. Amp. .4. S.E.-N.W, 

A large disturbanee extending from Hakone 120 miles 

N.E. and 80 miles in breadth. 
Deviation-diagram indistinet. 
June ist, 6. 15. 21 p.m. — Period .5. Amp. .2. E.-W. 25 see. 

Dev.— imm. 

Disturbanee extended from Tokio 80 miles N.E. and 80 
miles in breadth. 

June 3rd, i. 51.30 p.m. — Extended from Tokio 120 milesN.E. 

Dev. zero. 
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June 5th, 8 p.m. — Dev.+ 2omm. 

Several days great eleetrieal disturbanees, but no earthquakes. 

June i4th, 0.26.41 p.m. — ^Prom Tokio the disturbed areaex- 
tended about 60 miles N.£. 
Deviation indistinet. 

June i5th, 10.10.02 a.m. — Felt in Tokio only 50 see. Devia- 

tion indistinet. 
June i6th, 2.31.24 p.m. — Felt in Tokio only. S.E.-N.W. 30 

seo. Deviation at 2.45 p.m.— 8 mm. Deviation at 8.30 

—40 mm. 
June 2oth, ^-Si.iop.m. — Period .6. Amp. 5. S.E.-N.W. i 

min. 30 see. From Yokohama the disturbed area extended 

150 miles north and was 70 miles broad. The eentre was 

to the N.E. Deviation zero. 
June 26th, i p.m. — (About). Deviation 10 mm. 
June 27th, 7.09.17 a.m. — Period .0. Amp. .5. E.-W. i min. 

Shaken area from an origin near Owari and extending 

N.E. to Tokio. Deviation 6 a.m.— 7 mm. Deviation 7 

a.m.— i mm. Deviation 7.30 a.m.— 5 mm. 
June 29th, 10.45. — Deviation 15 mm. 
July 3rd, 5.39.58 p.m. — Period .5. Amp. .3. E.-W. 40 see. 

Devtation zero. Disturbed area extended 60 miles N. 

from Tokio, where it was 60 miles broad. 
July 5th, 6.22.31 p.m. — FeItinTokio only. Deviation-|-i mm. 
July 5th, 8.57 p.m. — Felt in Tokio only. Deviation— 2 mm. 
July 6th, 8.30 p.m. — ^Deviation-|-40 mm. 
July loth, 8 p.m. — Deviation— 20 mm. 
July loth, II p.m. — Deviation-|-i5 mm. 
July i2th, 9.45 a.m — Deviation— 8 mm. 
July i5th, 8.45 a.m. — Deviation-f5 mm. 
July i7th, 9 a.m. — Deviation-|-2o mm. 
July i8th, 10.33.18 p.m. — S.-N. 35 see. Deviation zero. 

Extends from Tokio 60 miles N.-E. 
July 30th, 2.03.40 a.m. — E.W. los. Area shaken extends from 

Tokio 40 miles N. and E. Deviation -f- lomm. The 
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swinging of the mirror showed a gap of 5m. The mirror 
swung negaUve and positive through lomm. 
July 30th, 2.15 p.m. — Deviation -\- ^mm. 

August 2nd, 10.21.06 a.m. — Horizontal period .5. Amplitude 

1.3. Vertical period .3. Amplitude .4. N.E.-S.W. im. 
30S. Deviation zero. £xtended from Odawara 150 miles 
N.E. past Tokio. Area 100 miles broad. 

August 2nd, 2.36.12 p.m. — Extended from Tokio 180 miles 
north to Sendai. Deviation zero. 

August 5lh, 7.34.56 a.m. — Period 1.7. Amplitude 1.7. — E.S.E.- 

W.N.W. 4m. 20s. ; shaken area from Odawara 180 miles 

to N.E. Deviation zero. 
August i5th, 0.06.21 p.m. — Felt Tokio only. Deviation zero. 
August 20th, 5.20.23 p.m. — Period .8. Amplitude .3. S.-N. 

50S. from Tokio 60 miles to north and 30 miles to south. 

Deviation 2om. or more negative. 
August 2ist, 1.07.44 p.m. — ^Tokio only. Deviation indistinet. 
August 26lh, 3.27.13 p.m. — HorizontaI period .6. Amplitude 

1.4. Vertical period .4. Amplitude .2. E.-W. im.; 
Shaken area extends 50 miles north of Tokio and 20 miles 
south. Was strong near Yokosuka. Deviation zero. 

August 30th, 3.06.22 p.m. — Period .1. Amplitude .4. E.S.E.- 

W.N.W. 3m. 30S. Felt in Tokio only. Deviation zero. 
September i^th, 2.34.06 a.m. — Felt in Tokio only. Deviation 

zero. 
September i6th, 6.37.30 a.m. — Period .7. Amplitude 1.3; 

W.S.W.-E.N.E. im. 30S. Felt 6om. north of Tokio and 

20 miles south. Strong near Yokosuka ; area 80 miles 

broad. Deviation zero. 
September i^th, 2.04.28 a.m. — Felt in Tokio only. Deviation 

zero. 
September 2oth, 10.27.01 a.m. — Felt in Tokio and 60 miles to 

the east and 20 miles to the north. Deviation zero. 
September 22nd, 1.56.33 a.m. — Felt in Tokio only. Deviation 

8mm. 
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September 3oth, 7.41.27 a.m. — PeltinTokio only; 60 miles to 
N.£. Deviation zero. 

C0NCLUSI0NS RKSPKGTING THK TOKIO ObSKRYATIONS. 

Until farther investigations have been made,. the following 
eonelusions must only be regarded as tentative. They are as 
follows : — 

I. — If there^s a strong disturbanee shaking an area 60 or 
more miles in diameter wiih Tokio near the eentre, the air 
suddenly beeomes strongly negative. This has oeeurred 10 
times. To this rule there has been only one exception. There 
are two eases wlbere the eentre of the disturbanees appears to 
have been 25 miles south of Tokio. These earthquakes have 
not always been aeeompanied by vertical motion and they have 
oeeurred at different hours. 

2. — If there is a feeble disturbanee only felt in Tokio, sueh 
disturbanees have been 13 times aeeompanied with feeble 
eleetrieal disturbanees and 31 times without. 

3. — When Tokio has been at the S.W. eorner of an ellipse 
of disturbanee, the eentre of whieh may have been 15 or 20 
miles to the N.£. there have been 3 eases when we have had 
eleetrieal disturbanees and 12 eases withoutsueh disturbanees. 

4. — When the eentre has been 50 or 60 miles north-west of 
Tokio, there have been 2 eases of eleetrieal disturbanee and 11 
eases without sueh disturbanee. 

5. — ^When the earthquake has shaken a narrow band extend- 
ing from Tokio 30 miles north, there have been 3 eases of 
eleetrieal disturbanee and no instanee of no disturbanee. 

6. — When the eentre of a disturbanee has been 20 or 30 
miles east of Tokio there has been one ease of eleetrieal dis- 
turbanee and six eases with no disturbanee. 

7. — When the eentre of disturbanee has been from 20 to 100 
miles west of Tokio there have been 3 instanees of eleetrieal 
disturbanee and 3 instanees where there was no disturbanee. 
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8. — At the time of earthquakes in Japan whieh did not 
reaeh Tokio there have been no sudden disturbanees. 

9. — In eleetrieal disturbanees whieh aeeompany earthquakes 
the air almost invariably beeomes electro-negative, the potential 
suddenly rising sometinies as mueh as 30 volts. From this it 
is usually several hours before it returns to its nor-mal eondition. 

DiseussioN. 

Dr. Knott ealled attention to the difTerent eharaeter of the 

various eoineidenees whieh had been mentioned by Professor 

Milne. There was not the least doubt that the Krakatoa 

eruption had produeed magnetie disturbanees ; and Professor 

Sehuster's reeent diseussion of the diurnal variation in the 

magnetie force at any point on the earth's surface enabled us 

pretty well to explain the effect. It is well-known that every 

day the magnetie needle moves iirst to this side and then to 

that of its mean position. In Tokyo the amplitude of this 

diurnal oseillation is sometimes as mueh as 11 minutes of 

aiigle. Now Sehuster has shown, by an elegant diseussion of 

Gauss's theoryof terrestrial magnetism, thatthisdiurnal ehange 

is due to eauses above us — eleetrieal eurrents, say, brought into 

existence by the sun's aetion on a heterogeneous atmosphere. 

In the Krakatoa eruption immense elouds of dust were driven of! 

into the higher atmosphere, and soon drifted round the whole 

globe, eausing the remarkable sunsetglows of the autumn of 1 883. 

This dust, shot forth with immense velocity, wonld almost of 

neeessity be eleetriiied ; so that we have the eonditions for the 

existence of a highly electrified cloudof partieles drifting along 

in the upper regions of the atmosphere. Sueh an eleetrieal 

movement would have the eharaeteristies of an ordinary elee- 

trieal eurrent, whieh might well affect the delieate magneto- 

graphs in India and Europe. But sueh an explanation eannot 

be applied to earthquakes. Professor Milne, in his historieal 

sketeh, mentioned a hypothesis brought forward by an Italian, 

whieh seems eapable of development into a plausible enough 

explanation of a relation between earthquakes and atmosphere 

K 
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eleetrieity. It must be remembered that when we say the air 
beeomes more negative, we might as truly say the earth be- 
eomes more positive. It is the dtfference of eleetrieal eon- 
ditions between the earth and air that is measured. Now any 
sudden ehange of state from liquid to aqueous we know to be 
aeeompanied by eleetrieal ehange. Henee an explosion 
in some earth cavity might easily ehange the eleetrieal 
eondilion of the earth in the vicinity. This eleetrieal ehange 
on reaehing the surface — it noight be a little ahead of the 
shoek — would affect the eleetrometer. It was, however, too 
soon, perhaps, to suggest explanations before the facts had 
been thoroughly established. But in any ease the Soeiety and 
seienee generally are beneSted distinetly by Professor Milne's 
peeuliar faculty of ever opening up new linesof researeh. 

Mr. Mason remarked that he had many years ago tried to 
discover eleetrieal disturbanee in land and oeean telegraph 
lines, whieh might be related to earthquakes. But he had 
failed to make out any eonneetion. The truth was, indeed, 
that Japan was comparatively free from telegraphie disturb- 
anees. In England, on the other hand, telegraphie lines 
were frequently disturbed, so that business operations were 
distinetly interfered with. This comparatively rarely happens 
in Japan. 
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eONSTRUGTION IN EARTHQUAKE 

eOUNTRIES. 



(A SUPPLEMENT TO TrANS. SeIS. SoC. VoL. XIV.) 

The following is a Iranslation of a report of the Royal Com- 
missioner appointed by Royal Deeree April i^th, 1885, to 
provide for the reeonstruetion of buildings destro)'ed by earth- 
quakes in the provinces of Granada and Malaga.* 

The following five types of buildings have been adopted by 
the '* Royal Spanish Building Gommittee " for the eonstruelion 
of new houses in the provinces of Granada and Malaga, out of 
the proeeeds of the international subseription in favour of the 
sufferers of those distriets, whose properties were destroyed by 
the earthquakes of 2 5th Deeember, 1884. 

These types of eonstruetion vary aeeordingtothe magnitude 
of the house and the respective eost priee, and are, as far as 
ihe Spanish teehnieal experts say, quite earthquake proof. 

It is to be noted that the following types represent small 

dwelling houses. 

FiRST Typk. 

This is a house of two stories of at least 5 mbtres frontage 

and 8*8om. in length, divided into two wings, whose*free width 

on the lowerstory is 3*50^., and on the prineipal storey 3'6om., 

forming two apartments in eaeh floor. The room at the en- 

tranee downstairs is the kitehen, with'hearth and ehimney in 

the eountry style, whieh aeeording to the eustom of these 

* Memoria del Comisario Regio, nombrado por Real Deereto de 13 
de Avril de 1885 para la Reedification de los pueblos destruidos por los 
terreraotos en las provincias de Granada y Mdlaga. Madrid, 1888, 
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inhabitants serves besides as an eating-room, sitting-room, and 
even as a dormitory. For this last purpose the other three 
rooms may be used, although on aeeount of their size they 
may be also reserved as repositories for fruit, eorn, and other 
things. The spaee under the stairease is elosed by a thin 
partition wall with door, and forms a small eabin to be used as 
a pantry or for other purposes. The lower apartments receive 
the light from the doors of the street or of the eourt-yard. 
These doors are 2.50 mbtres in height by i'iom. in width, and 
possess on the upper part of their franie a glass window. On 
the upper story, eaeh apartment has a window, i*3om.xi*9om., 
with glasses and eloister wings. The plan of the house covers 
116 square mbtres, while eaeh room has a surface of i5'5om. 
and a volume of 50 eubie mbtres downstairs and 45 eubie 
mbtres upstairs, these iigures eorresponding to the different 
eIevationsofthe respective roofs, thatistosay 3*25^. and 2'85m. 

The folIowing details eomplete the deseription of this elass 
of house : — 

The foundations are of ordinary masonry, having a thiekness 
of o*7om. and a depth neeessary to reaeh in all eases 
firm ground. The external walls as well as the transverse 
ones are of the same material, of a thiekness of 0'6om. 
in their lower part and 0*50 in their upper part. The 
external walls are bordered at their respective terminations by a 
briek band, and strengthened at the angles by briek buttresses, 
whose ]unction with the masonry walls is effected by means 
of indented projections, into whieh are built the massive 
parts of the wall. The lintels of doors and windows are 
formed of three timber-pieees joined together by bolts inserted 
into them ; and the lining of these spaees are also of brieks. 
These, the buttresses and the horizonlaI bands, eonstitute, 
by their arrangement, their eolour and their projection over ihe 
outside wall lining, the decorative elements of the front and 
h2ic\i/a^ades. The iloor of the lowerstorey is, with theexcep- 
tion of a stone passage to the eourt-yard, of eommon paving- 
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brieks ; it is higher than the level of the road and generally 
rests on a dry iilling of stones, half a metre thiek. The upper 
story is floored with rabbitted boards, and its frame-work eon- 
sists of joists of 075mXo'i6m., their distanee from eaeh other 
being o'^om. These joists are attaehed to their girders resting 
on the walls, and are bolted and immured in the same walls 

• 

These girders together with the beams, whieh at the same 

height support the partition walls, form a general framing, 

whose angles are strengthened by iron ties. An analogous 

frame receives, on the top of the seeond floor, the truss of the 

roof; whieh eonsists of rafters and tie-beams of 075m.xo*iim. 

at a distanee of o*5om. from eaeh other. The covering of 

the robf, whieh forms two slopes, in some houses overhangs 

the external walls, thus forming large eaves ; in other houses 

it only covers the briek eorniee into whieh the band or top of 

the wall is then turned. As the lie-beams of the truss 

support the flat eeiling of the upper storey, the ventilation of the 

truss in houses forming a street angle (they are almost all in 

sueh eondition) has been arranged by means of a round 

garret-window in the slopes of the roof, and in other houses by 

angular openings in the roof lined with elay. The internal 

lining is made of plaster and the external of fine mortar eom- 

posed of lime and sand. The timber used in this and in 

the next type of houses, with the exception of some pieees of 

well-eured native pine, are of North-European red pine, alder- 

wood being absolutely excluded on aeeount of its weakness 

and liability to deeay. 

Houses of sueh type and of the above mentioned size have 

been built in Alhama, Arenas del Rey, Albunueles, and Guev^- 

jar ; however, in four houses eonstrueted in the first named 

plaee the length of the front has been extended to 8*6om., 

this giving to the houses a surface of 76 square mbtres, whieh 

allow the eonstruetion of four rooms in eaeh story, or eight in 

eaeh house. 

Seggnd Type. 

It dif¥ers from the preeeding type in having only one wing, 
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whose width, inelading the thiekness of the frontage walls, is 
47om., the width of the ^a^ade, whieh in the first buildings 
eonstrueted is of 5 mbtres, not allowing more than one apart- 
ment for eaeh story. These houses, however, of only two 
rooms were of limited use, as they eould only serve for very 
small famiiies. On this aeeount only a smali number of these 
have been built, giving to the others whieh belonged to the same 
type a greater length of frontage, say of from 6 to 11 and 13 
mbtres. These were the largest houses. This greater length 
has eaused the building of houses of three apartments, one 
downstairs and two upstairs, when the ^a^ade had a length of 
from 6 to 7 mbtres ; of four rooms, two in the lower storey and 
two in the upper storey when it had 7 to 8 mbtres ; and of six 
apartments, three in eaeh floor, in houses of a frontage of from 
II to 13 mbtres. The surface oeeupied by these houses is be- 
tween 23.50 square mbtres for the smallest, and 62 square 
mbtres for the largest buildings. 

This type is to be found in all the hamlets and villages 
whieh have been built by the Royal Gommittee, and has been 
the most eommonly used, as the number of houses of this sys- 
tem, ineluding all the different varieties, is equal to that of all 
the others taken together. This speeial preference is not dif- 
Heult to explain, the kind of eonstruetion and the elass of 
materials rendering these houses superior to the buildings 
of the third, fourth, and fifth types; on the other side 
offering over those of the first type the advantage ihat by 
an equal surface of ground they had a larger eourt-yard, 
this being a convenience mueh appreeiated by the working 
elass. Sueh houses are also better adapted for enlarge- 
ment, as it is quite sufficient to add a wing to them in 
order to double their eapaeity without depriving them of a 
sufficiently large eourt-yard. This is not the ease in houses of 
the first type, whieh, by sueh operations, do not inerease more 
than one half of their eapaeity, remaining deprived or almost 
deprived of ihat convenience. Another favouTable eondition 
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of the seeond type is that it is better adapted than the iirst type to 
the different elasses of indemnity. (Here the word indemnity 
refers to the part of the subseription allotted to single sufferers.) 

Third Typk. 
This is the iirst type of eeonomieal houses, and differs from 
the preeeding only in the suppression of the briek eonstruetion 
of the external walls and in the stone iilling of the pavement of 
the lower story ; in all other details it is equal to the house of 
the seeond type : frontage of 7'2om., length with a kitehen (to 
serve also as dormitory) downstairs and two dormitories in the 
upper story. Only a few houses of this kind have been built 
in the new vil]age of Guev^jar. 

The three houses whieh have been deseribed, present 
enough eommon eharaeteristies, giving them sueh similarity 
as to have them eonsidered, generally speaking, as several 
varieties of the same type. This is, however, not the ease with 
the two other types, whieh when eompared to eaeh other or to 
the preeeding types, offer radieal differences, and are excepting 
in their execution, equally perfect, as will be seen from the 
following deseriptions. 

FouRTH Type. 
It eorresponds to a house having a plan of 4 mbtres frontage 
and 10 mbtres depth, consequentIy oeeupying a surface of 40 
8quare mbtres. The external walls are of eommon masonry ; 
iheir thiekness o*5om. in the foundations, and 0'45m. above 
the same ; their height 3*2om.; they are erowned with a thin 
briek eorniee. The partition walls are either walls of o'i^m. 
thiekness or masonry eonstruetion with brown mixturei 
o*4om. thiek. Eaeh frontage has two openings : a door 
2-4om. X i'iom. and a window i'^om. x 0*75^., the latter 
having window glasses in eloister style, proteeted by eross- 
bars ; and the former by two strong shutters. The covering has 
two slopes, and its frame, whieh differs in its arrangement from 
that usually adopted, is as follows : the timbers, whieh are pine 
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poles of o*i2m. diameter, and in this ease take the plaee of the 
rafters of a simple truss, lean withtheir ends against the inelined 
girders, whieh rest on the eorner sides of the partition walls, so 

4 

as to be parallel to the top-beam. The object of sueh arrange- 

ment is to avoid, for the covering, the neeessity of trusses 

of lo mbtres opening, whieh would render the eonstruetion ex- 

pensive. The spaee eireumseribed between the four walls of 

the house eontains a large kitehen of 5*5om. X 3*6om.; ano- 

ther room of 3'5om. x 2*45^., whieh may be used as a dormi- 

tory, and is separated from the former by means of a simple 

partition and a small oorridor i'i^m. wide, whieh leads to 

this dormitory and to ihe eourt-yard ; the pavements of the 

kitehen and eorridor are of stone, while the other dependeneies 

have a brick-fioor. There exists besides an upper room, to 

whieh a stairease leads, and whieh may be used as well for a dor- 

mitory as a repository for fruit and effecls. The storey formed 

by ihis room has a timber floor, and its framework supports the 

flat eeiling of the lower dormitory. This type is to be found 

in the same plaees as the seeond type, and is, after this, the 

most eommon, it having been ehosen on aeeount of its lower 

priee, in order to indemnify a numerous elass of owners with 

eheap small houses. 

FiFTH Type. 

It has only one storey, and its plan has a frontage width of 9 

to 10 mbtres by 8 to 9 mbtres of length. The house is divided 

into two parts by means of a transversal wall, whieh in some 

houses eonsists of masohry, while in others of thin briek par- 

titions. The external walls are of ordinary masonry and 

the others of masonry with brown mixture ; their thiek 

ness is o*6om. at the foundation and o'^om. above it, their 

height up to the roof 3'2om. It eontains a kitehen with 

a door and a window, another room with an opening on the 

same side, and two others with openings over the eourt-yard, 

and a small eorridor whieh leads to this. The free surface of 

these houses being of 56 to 72 square mbtres, their depen- 

deneies are large and their surface is not under 30.2om. 
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The Aoor is paved with brieks, excepling the kitehen and the 
eorridor, whieh have stone pavements, and the eeiling is flat. 
The roof in most of the houses has two slopes, and its truss 
rests on the prineipal walls in a similar manner to that deseribed 
in type fourth. In these, and in the other more eeonomieal 
houses, the timber used is pine from Northern Europe and of 
native growth. 
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